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EXPANDABLE CONNECTOR 
Backgrouad of the Invention 
This invention relates generally to weilbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the bordioie. The borehole is drilled in intervals y^bsrAy a 
casing which is to be installed in a lower borehole interval is lowered through a 
previous^ installed casing of an upper borehole interval. As a consequence of 
10 this procedure the casing of the lower intorval is of smaller diameter than the 
casing of the upper interval. Thus, the casings are in a nested arrangement with 
casing diameters decreasing in downward direction. Cement anniiH are 
provided between the outer surfaces of the casings and the borehole wall to seal 
the casings from the borehole walL As a consequence of this nested 
15 arrangement a relatively large borehole diameter is required at the uppar part 
of the wellbore. Such a large borehole diameter involves increased costs due to 
heavy casing handling equipment^ large drill bits and increased volumes of 
drilling fluid and driU cuttings. Moreover, increased drilling rig time is involved 
due to required cement pumping, cement hardening, required equipment 
20 changes due to large variations in hole diameters drilled in the course of the 
well, and the large volume of cuttings drilled and removed. 

Conventionally, at the surface &id of the wellbore, a wellhead is formed 
that tyiacally includes a surface casing, a number of production and/or drilling 
spools, valving, and a Christmas tree. Typically the wellhead further includes a 
25 concentric arrangement of casings including a production casing and one or 
more intermediate casings. The casings are typically supported using load 
bearing slips positioned above the ground. The conventional design and 
construction of wellheads is expensive and complex. 

Conventionally, a wellbore casing cannot be formed during the drilling of 
30 a wellbore. Typically, the wellbore is drilled and then a wellbore casing is 
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formed in the nevdy drilled section of the wellbore. This delays the compietion 
of a weU. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming wellbores and ^wellheads. 
5 Summaiy of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a 
mandrel in the borehole, iiyecting fluidic material into the borehole, and 
radially expanding the liner in the borehole by extruding the liner off of the 
10 mandrel 

According to another aspect of the present invention, a method of 
forming a wellbore casing is provided that includes drilling out a new section of 
the borehole aiQacent to the abeadjr existing casing. A tubular liner and a 
mandrel are then placed into the new section of the borehole with the tubular 
15 liner overlapping an already existing casing. A hardwable fluidic sealing 
material is injected into an annular r^on betweoi the tubular liner and the 
new section of the borehole. The annular region between the tubular liner and 
the new section of the borehole is then fiuidicly isolated itom an interior region 
of Oie tubular liner below the mandrel. A non hardenable fluidic material is 
20 then injected into the interior region of the tubular liner below the mandrel. 
The tubular Una is extruded off of the mandrel. The overlap betweoi the 
tubular liner and the already existing casing is sealed. The tubular liner is 
supported by overiq[> with the abrea4yeadsting casing: The mandrel ia ranoved 
from the borehole. Theintegrity of the seal of the overlap between the tubular 
25 liner and the alrea4y existing casing is tested. At least a po^ 

quantity of the hardenable fluidic sealing material is r«noved fhim the interior 
of the tubular liner. The remaining portions of the fluidic hardenable fluidic 
sealing matmal are cured. At least a portion of cured fluidic hardenable sealing 
material within the tubular lin^ is removed. 
30 According to another aspect of the present invention, an apparatus for 

expanding a tubular member is provided that includes a support member, a 
mandrel^ a tubular member, and a shoe. The support member includes a first 
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fluid passage. The mandrel is coupled to the support member and includes a 
second fluid passage. The tubular member is coupled to the mandrel. The shoe 
is coupled to the tubular liner and includes a third fluid passage. The first, 
second and third fluid passages are operably coupled. 
5 According to another aspect of the present invention, an apparatus for 

expanding a tubular member is provided that includes a support member, an 
expandable mandrel, a tubtilar member, a shoe, and at least one sealing 
member. The support member includes a first fluid passage, a second fluid 
passage, and a flow control valve coupled to the first and second fluid passages. 

10 The expandable mandrd is coupled to the support member and includes a third 
fluid passage. The tubular member is coupled to the mandrel and includes one 
or more sealing elements. The shoe is coupled to the tubular member and 
includes a fourth fluid passage. The at least one sealing member is adapted to 
prevent the entry of foreign material into an interior region of the tubular 

15 member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel within an intoior 
20 r^on of the second tubular member. A portion of an interior region of the 
second tubular member is pressurized and the second tubular member is 
extruded oiT of the mandrel into engagement with the first tubular member. 

According to another aspect of the presoit invention, a tubular liner is 
provided that includes an annular member having one or more sealing members 
25 at an end portion of the annular member, and one or more pressure relief 
passages at an end portion of the atiti nlar member. 

According to another aspect of the present invention, a weilbore casing is 
provided that includes a tubular liner and an annular body of a cured fluidic 
sealing material. The tubular liner is formed by the process of extruding the 
30 tubular liner off of a mandreL 

According to another aspect of the present invention, a tie-back liner for 
lining an existing weilbore casing is provided that includes a tubular liner and 
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an annular body of cured iluidic sealing material. The tubular liner is formed 
by the process of extruding the tubular liner off of a mandrel. The annular 
body of a cored fluidic sealing material is coupled to the tubular liner. 

According to anoth^ aspect of the present invention^ an apparatus for 
5 expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first 
fluid passage. The mandrel is coupled to the support member. The mandrel 
includes a second fluid passage operably coupled to the Grst fluid passage, an 
interior portion, and an exterior portion. The interior portion of the mandrel is 

10 drillable. The tubular member is coupled to the mandrel. The shoe is coupled 
to the tubular member. The shoe includes a third fluid passage operably 
coupled to the second fluid passage, an interior portion, and an exterior portion. 
The interior portion of the shoe is drillable. 

According to another aspect of the present invention, a wellhead is 

15 provided that includes an outer casing and a plurality of concentric inner 
casings coupled to the outer casing. Bach inner casing is supported by contact 
pressure between an outer surface of the inner casing and an inner surface of 
the outer casing. 

According to another aspect of the present invention, a wellhead is 
20 provided that include an outer casing at least partially positioned within a 

wdlbore and a plurality of substantially concentric inner casings coupled to the 
interior surface of the outer casing. One or more of the inner «Hiai»tgff are 
coupled to the outer casing by expanding one or more of the inner *^«ym g" into 
contact with at least a portion of the interior surface of the outer casing. 
25 According to another aspect of the present invention, a method of 
forming a wdlhead is provided that includes drilling a wellbore. An outer 
casing is positioned at least partially within an upper portion of the wellbore. A 
first tubular member is positioned within the outer casing. At least a portion of 
the Grst tubular member is expanded into contact with an interior surface of 
SO the outer casing. A second tubular member is positioned within the outer 
casing and the first tubular member. At least a portion of the second tubular 
member is expanded into contact with an interior portion of the outer casing. 
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According to another aspect of the present invention, an apparatus is 
provided that includes an outar tubular member, and a plurality of 
substantially concentric and overlapping inner tubular members coupled to the 
outer tubular member. Each inner tubular member is supported by contact 
5 pressure between an outer surface of the inner casing and an inner surface of 
the outer inner tubular member. 

According to another aspect of the present invaition» an ^iparatus is 
provided that includes an outer tubular member, and a plurality of 
substantiality concentric inner tubular members coupled to ttie interior surface 
10 of the outer tubular member by the process of expanding one or more of the 
inner tubular members into contact with at least a portion of the interior 
surface of the outer tubular member. 

According to another aspect of the imsent invention, a wellbore casing is 
provided that indudes a first tubular member, and a second tubular member 
15 coupled to the first tubular member in an overliving relationship. The inner 
diameter of the first tubular member is substantially equal to the inner 
diameter of the second tubular member. 

According to another aspect of the present inventiont a wellbore casing is 
provided that indudes a tubular member induding at least one thin wall section 
20 and a thidc wall section, and a compressible annular niember coupled to each 
thin wall section* 

According to anothw aspect of the present invention^ a method of 
creating a casing in a borehole located in a subterranean formation is provided 
that indudes supporting a tubular liner and a mandrel in the borehole using a 
25 support monber. A fluidic material is injected into the borehole. An interior 
region of the mandrel is pressurized. A portion of the mandrel is displaced 
relative to the support member. The tubular liner is expanded. 

According to another aspect of the present invration, a wellbore casing is 
provided that indudes a first tubular member having a first inside diameter, 
30 and a second tubular member having a second inside diameter substantially 
equal to the first inside diameter coupled to the first tubular member in an 
overlapping relationship. The first and second tubular members are coupled by 
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the process of deforming a portion of the second tubular member into contact 
with a portion of the first tubular member 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member 
5 including a fluid passage, a mandrel movab^ coupled to the support member 
induding an expansion cone, at least one pressure chamber defined by and 
positioned betwe^ the support member and mandrel fluididy coupled to the 
first fluid passage, and one or more rdeasable supports coupled to the support 
member adapted to support the tubular member. 
10 According to another aspect of the present invention, an apparatus is 

provided that indudes one or more solid tubular members, each solid tubular 
member induding one or more external seals, one or more slotted tubular 
members coupled to the solid tubular members, cmd a shoe coupled to one of the 
slotted tubular members. 
15 According to another aspect of the present invention, a method of joining 

a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member is provided that indudea positioning a mandrel within an interior 
region of the second tubular member. A portion of the interior region of the 
20 mandrel is pressurized. The mandrel is displaced relative to the second tubular 
member. At least a portion of the second tubular member is extruded off of the 
numdrel into engagonent with the first tubular member. 

Acoording to another aspect of the presmt invention, an apparatus is 
provided that indudea one or niote primary solid tubulara, each primary solid 
25 tubular induding one or more eartemal annular seala, n slotted tobulars coupled 
to the primary solid tubulara, n-1 intennediate solid tubulara coupled to and 
interleaved among the slotted tubulars, each intennediate solid tubular 
induding one or more external annular seals, and a shoe coupled to one of the 
slotted tubulars. 

30 According to another aspect of the present invention, a method of 

isolating a first subterranean zone firom a second subterranean zone in a 
wellbore is provided that indudes positioning one or more primary solid 
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tubulars within the wellbore, the primaiy solid tubulars traversing the first 
subterranean zone. One or more slotted tubulars are also positioned within the 
wellbore, the slotted tubulars traversing the second subterranean zone. The 
slotted tubulars and the soUd tubulars are fluidicly coupled. The passage of 
5 fluids from the first subterranean zone to the second subterranean zone within 
the wellbore external to the solid and slotted tubulars is prevented. 

According to anoUi^ aspect of the present invention, a method of 
extracting materials from a producing subterranean zone in a wellbore, at least 
a portion of the weUbore including a casing, is provided that includes 
10 positioning one or more primaiy soUd tubulars within the wellbore. The 
primary solid tubulars with the casing are fluidicly coupled. One or more 
slotted tubulars are positioned within the wellbore, tlie slotted tubulars 
traversing the producing subterranean zone. The slotted tubulars are fluidicfy 
coupled with the solid tubulars. The producing subterranean zone is fluidicly 
15 isolated from at least one other subterranean zone within the weilbore. At least 
one of the slotted tubulars is fluidicly isolated fit>m the producing subterranean 
zone. 

According to another aspect of the present invention, a method of 
creating a casing in a borehole while also drilling the borehole is also provided 

20 that indudes installing a tubular liner, a mandrel, and a drilling 

the borehole. A fluidic material is injected within the tubular liner, mandrel 
and drilling assem^y. At least a portion of the tubular liner is radially 
eqianded while the borehole is driUed using the drilliiigassembty^ In a 
preferred embodiment, the iiyecting includes iiqecting the fluidic material 

25 within an expandable chamber. 

According to another aspect of the present invention, an apparatus is 
also provided that includes a support member, the support member including a 
first fluid passage; a mandrel coupled to the support member, the mandrel 
including: a second fluid passage; a tubular member coupled to the mandrel; 

30 and a shoe coupled to the tubular liner, the shoe including a third fluid psssage; 
and a drilling assembfy coupled to the shoe; wherein the first, second and third 
fluid passages and the drilling assembly are operably coupled. 
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According to another aspect of the present invention, a method of 
forming an underground pipeline within an underground tunnel including at 
least a first tuhular member and a second tubular member, the first tubular 
member having an inner diameter greater than an outer diameter of the second 
5 tubular member, is also provided that includes positioning the first tubular 
membv within the tunnd; positioning the second tubular member within the 
tunnel in an overlapping relationship with the first tubular member; 
positioning a mandrd and a drilling assraibly within an interior region of Uie 
second tubular member; injecting a Quidic material within the mandr^ drilling 

10 assembly and the second tubular member; extruding at least a portion of the 
second tubular member off of the mandrel into engagement with the first 
tubiUar member; and drilling the tunnel. 

According to another aspect of the present invention, an apparatus is 
also provided that includes a wellbore, the wellbore formed by the process of 

15 drilling the wellbore; and a tubular liner positioned within the wellbore, the 
tubular liner formed by the process of extruding the tubular liner off of a 
mandrel while drilling the wellbore. In a preferred embodiment, the tubular 
liner is formed by the process of: placing the tubular lin v and mandrel within 
the wellbore; and pressurizing an interior portion of the tubular liner. 

20 According to another aspect of the preset invention, a method of 

forming a wellbore casing in a wellbore is also provided that includes drilling 
out the wellbore while forming the wellbore casing. 

According to another aspect of the present invention^ a method of 
expanding a tubular member is provided that indudea placing a mandrd within 

25 the tubular member, pressuriziog an annular r^on within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invration, a method of 
coupling a tubular member to preexisting structure is provided that indudes 
positioning the tub\ilar member in an overl^ping relationship to the 

30 preexisting structure, placing a mandrel within the tubular member, 

pressurizing an annular region within the tubular member, and displacing the 
mandrel with respect to the tubular member. 
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According to another aspect of the present invention, a method of 
repairing a defect in a preexisting structure using a tubular member is provided 
that includes positioning the tubular member in an overlapping relationship to 
the defect in the preexisting structure, pladng a mandrel within the tubular 
5 member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular member. 

According to another aspect of fbe present invention, an apparatus for 
radially expanding a tubular member is provided that includes a first tubular 
member, a second tubular member positianed within the first tubular member, 
10 a third tubular m«nber movably coupled to and pMitiotied wi thin tha no^nd 
tubular member, a first annnini- sealing member for sealing an interface 
between the first and second tubular members, a second a nn ^ilw sealing 
member for sealing an interface between the second and third tubular 
members, and a mandrel positioned within the first tubular member and 
15 coupled to an end of the third tubular member. 

According to another aspect of the present invention, an apparatus is 
provided that includes a tubular member, a piston adapted to expand Uie^* 
diameter of the tubular member positioned within the tubular member, and an 
annular chamber defiaied by the piston and tubular m»iber. The piston 
20 includes a passage for conveying fluids out of the tubular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubidar member and a second tubular member 
coupled to the first tubular member. The second tubular member is coupled to 
the first tubular member by the process of: positioning the second tubular 
25 member in an overlapping relationship to the first tubular member, placing a 
mandrel within the second tubidar member, pressurixing an aw iiM|ar region 
within the second tubular member, and rfift piariit g the mandrel with respect to 
the second tubular member. 

According to another aspect of the present invmtion, an iqiparatus is 
30 provided that includes a preexisting structure and a tubular member coupled to 
the preexisting structure. The tubular member is coupled to the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
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relationship to the preexisting structure, placing a mandrel within the tubular 
member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular mrnhba. 

According to another aspect of the present invention, an ai^aratus is 
5 provided that includes a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of the preexisting structure. 
The tubular member is coupled to the drfective portion of the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 
10 the tubular member, pressurizing an annular region within the tubular 
member, and displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
expanding a tubular member is provided that includes placing a mandrel within 
the tubular member, pressurizing a region within the tubular member; and 
15 displacing the mandrel with respect to the tubular memb». 

According to another aspect of the present invention, a method of 
coupling a tubular member to preexisting structure has been provided that 
includes positioning the tubular member in an overlapping relationahip to the 
preexisting structure, placing a mandrel within the tubular member, 
20 pressurizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular monber. 

According to another aspect of the present invention, a method of 
rqmiring a drfect in a preexisting structure using a tubular membw ia provided 
that indttdea poeitiomng the tubular membw in an overlapping relationahip to 
25 the defect in the preexisting structure, placing a numdrel within 

member, pressurizing an interior region within the tubular member, and 
displacing the mandrel with respect to the tubular monber. 

According to another aspect of the present invention, an apparatus for 
radially expanding a tubular member is provided that includes a Grst tubular 
30 member, a second tubular member coupled to the first tubular member, a third 
tubular member coupled to the second tubular member, and a mandrel 



-10. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



positioned within the second tubular member and coupled to an end portion of 
the third tubular member. 

According to another aspect of the present invention, an ^paratua is 
provided that includes a tubular member, a piston flHapt^ to expand the 
5 diameter of the tubular member positioned within the tubular member, the 
piston including a passage for conveying fluids out of the tubular member. 

According to another aspect of the preset invention, a wellbore casing is 
provided that includes a first tubular member and a second tubular member 
coupled to the first tubular member. The second tubular member is coupled to 
10 the first tubular member by the process of: positioning the second tubular 
member in an overlapping relationship to the first tubidar member, placing a 
mandrel within the second tubular member, pressurizing an interior region 
within the second tubular member, and displacing the mandrel with respect to 
the second tubular member. 
15 According to another aspect of the present invention, an iqpparatua is 

provided that includes a preexisting structure and a tubular member coupled to 
the preexisting structure. The tubular member is coupled to the preexisting 
structure by the process of: positioning the tubular member in an overlapping 
relationship to the preexisting structure; placing a mandrel within the tubular 
20 member; pressurizing an interior region within the tubular member, and 
displacing the mandrd with respect to the tubular member. 

According to another aspect of the present inv^tion, an apparatus is 
provided that includes a preexisting structure having a defective portion and a 
tubular member coupled to the defective portion of the preexisting structure. 
25 The tubular member is coupled to the defective portion of the preexisting 
structure by the procees of: positioning the tubular member in an overlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 
the tubular memba, pressurizing an intoior region within the tubular 
member, and displacing the mandrel with respect to the tubular member. 
30 According to another aspect of the invention, an apparatus is provided 

Uiat includes a first tubular member, a second tubular membv, and a threaded 
connection for coupling the first tubular membs to the second tubular 
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member. The threaded connectioQ includes one or more sealing members for 
sealing the interface between the first and second tubular membm. 

According to another aspect of the present invention^ an apparatus is 
provided that includes a tubular assembly having a first tubular member, a 
5 second tubular member, and a threaded connection for coupling the first 
tubular member to the second tubtdar member. The threaded connection 
includes one or more sealing members for sealing the interface between the first 
and second tubular monbers. The tubular assembly is formed by the process of 
radially expanding the tubular assembly. 
10 According to another aspect of the present invention, an apparatus is 

provided that includes a tubular member and a mandrd positioned within the 
tubular member that includes a conical surface have an an^e of attack ranging 
from about 10 to 30 degrees. 

Brief Description of the Drawings 
15 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a 

new section of a well borehole, 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an mppandns for creating a casing within the new section of 
the weU borehole. 

20 FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 

first qpiantity of a fluidic material into the new section of the well borehole. 
FIG. Sa is another fragmentary crosa-sectaonal view illustrating the 

ii^ection of a first quantity of a hardenable fluidic sealing material into the new 

section of the wdl borehole. 
25 FIG. 4 is a fragmentaxy cross-sectional view illuatrating the iiyection of a 

second quantity of a fluidic material into the new section of the well borehole. 
FIG. 5 is a fi'agmmitary cross-sectional view illuatrating the drilling out 

of a portion of the cured hardenable fluidic sealing material from the new 

section of the well borehole. 
30 FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 

between adjacent tubular m^nbers. 
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FIG. 7 is a firagmentaiy cross-sectional view of a preferred embodiment 
of the apparatus for creating a.casing within a well borehole. 

FIG. 8 is a firagmentazy cross-sectional illustratibn of the placement of an 
expanded tubular member within another tubular member. 
5 FIG* 9 is a cross-sectional illustration of a preferred embodiment of an 

^ apparatus for forming a casing including a drillable mandrel and shoe. 

FIG. 9a is another cross-sectional illuatration of the apparatus of FIG. 9. 
FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another crosMectional illustration of the apparatus of FIG. 9. 
10 FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
adjacent overlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tubular member. 

FIG. 10c is a cross-sectional illustration of the pumping of a fluidic 
15 sealing material into the annular region betwe» the tubular member and the 
existing casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the 
interior of the tubular member bdow the mandrel. 

FIG. lOe is a cross-sectional illuatration of the extrusion of the tubular 
20 member off of the mandreL 

FIG. lOf is a cross-sectional illustration of the tie-back liner before 
drilling out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie>back liner 
created using an eiq>andable tubular membw. 
25 FIG. 11a is a fragmentary cross-sectional view illustrating the drilling of 

a new section of a well borehole. 

FIG. lib is a fragmentary cross-sectional view illustrating the placement 
of an embodiment of an apparatus for hanging a tubular liner within the new 
section of the well borehole. 
30 FIG. 11c is a fragmentary cross-sectional view illustrating the injection of 

a first quantity of a hardenable Ouidic sealing material into the new section of 
the well borehole. 
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FIG. lid is a fragmentazy crosfr-eectional view illustrating the 
introduction of a ynp&t dart into the new section of the well borehole. 

FIG. lie is a firagmentary cross-eectional view illustrating the ii^ection of 
a second quantity of a hardenable fluidic sealing material into the new section 
5 of the well borehole. 

FIG. llf is a fragmentary cross-sectional view ilhistniting the completion 
of the tubular liner. 

FIG. 12 is a cross-sectional illustration of a preferred embodiment of a 
wellhead system utilizing expandable tubular members. 
10 FIG. 13 is a partial cross-sectional illustration of a preferred embodiment 

of the wellhead system of FIG. 12. 

FIG. 14a is an illustration of the formation of an embodiment of a mono- 
diameter wellbore casing. 

FIG. 14b is another illustration of the formation of the mono-diameter 
15 wellbore casing. 

FIG. 14c is another illustration of the formation of the mono-diameter 
weUbore casing. 

FIG. 14d is another iUustration of the formation of the mono-diameter 
welbore casing. 

20 FIG. 14e is another illustration of the formation of the mono-diameter 

welbore casing. 

FIG. 14f is another illustration of the formation of the mono-diameta* 
welbore casing. 

FIG. 15 is an illustration of an embodiment of an ypparatua for 
25 eoqumding a tubular member. 

FIG. 15a ia another illustratimi of the ^iparatua of FIG. 15. 
FIG. 15b ia another illustration of the apparatus of FIG. 15. 
FIG. 16 ia an illustration of an embodiment of an apparatus for forming a 
mono-diameter weUbore casing. 
30 FIG. 17 ia an illustration of an embodiment of an apparatus for 

expanding a tubular member. 

FIG. 17a is another illustration of the apparatus of FIG. 16. 
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FIG. 17b is another illusta-ation of the apparatus of FIG. 16. 
FIG. 18 is an illustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. 

FIG. 19 is an illustration of another embodiment of an apparatus for 
5 expanding a tubular member. 

FIG. 19a is another illustration of the ^paratus of FIG. 17. 
FIG. 19b is another illustaration of the apparatus of FIG. 17. 
FIG. 20 is an illustration of an embodiment of an i^paratus for forming a 
mono-diameter wellbore casing. 
10 FIG. 21 is an illustration of the isolation of subterranean zones using 

expandable tubulars. 

FIG. 22a is a fragmentaiy cross-sectional illustration of an embodiment 
of an apparatus for forming a wellbore casing while drilling a welbore. 
FIG. 22b is another fragmentaiy cross-sectional illustration of the 
15 apparatus of FIG. 22a. 

FIG. 22c is another firagmentary cross-sectional illustration of the 
apparatus of FIG. 22a. 

FIG. 22d is anoths fragmentary cross-sectional illustration of the 
apparatus of FIG. 22a. 
20 FIG. 23a is a fragmmtazy cross-section illustration of an embodiment of 

an apparatus and method for expanding tubular members. 

FIG. 23b is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 23a. 

FIG. 23c is another fr^igmentary crosa-sectional illustration of the 
25 apparatus of FIG. 23a. 

FIG. 24a is a fragmentary cross-section illustration of an emlxxliment of 
an apparatus and me^od for expanding tubular members. 

FIG. 24b is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 24a. 
30 FIG. 24c is another fragmentary cross-sectional illustration of the 

apparatus of FIG. ^a.' 
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FIG. 24d is another fragmentaiy cross-sectional illustration of the 
apparatus of FIG. 24a. 

FIG. 24e is another fragmentary cross-sectional illustration of the 
apparatus of FIG. 24a. 

5 FIG. 25 is a partial cross-sectional illustration of an expansion mandrel 

expanding a tubular member. 

FIG. 26 is a graphical illustration of the relationship between 
propagation pressure and the angle of attack of the expansion mandrel. 
FIG. 27 is a cross-sectional illustration of an embodiment of an 
10 expandable connector. 

FIG. 28 is a cross-sectional illustration of another embodiment of an 
expandable connector. 

FIG. 29 is a cross-sectional illustration of another embodiment of an 
expandable connector. 
15 FIG. 30 is a cross-sectional illustration of another ^nbodiment of an 

expandable connector. 

Detailed Description of the lUtistrative Embodiments 
An apparatus and method for forming a wellbore casing wi thin a 
subterranean formation is provided. The apparatus and method permits a 
20 wellbore casing to be formed in a subterranean formation by placing a tubular 
member and a mandrel in a new section of a weUbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method further permits au^aoent tubular 
members in the wellbore to be joined using an ofyerlapping joint that prevents 
25 fluid and or gas passage. The S4>paratu8 and method farther permits a new 
tubular member to be supported by an mgfa'ng tiihi^iflr member by expanding 
the new tubular member into engagemmt with the existing tubular member. 
The apparatus and method further minimizes the reduction in the hole size of 
the wellbore casing necessitated by the addition of new sections of wellbore 
30 casing. 

An apparatus and method for forming a tie-back liner using an 
expandable tubular member is also provided. The apparatus and method 
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permits a tie-back liner to be created by extruding a tubular member off of a 
mandrd by pressurizing and interior portion of the tubular member. In this 
manner, a tie-back liner is produced The apparatus and method further 
permits adjacent tubular members in the wellbore to be joined using an 
5 overlappingjoint that prevents fluid and/or gas passage. The apparatus and 
method further pomits a new tubular member to be supported by an existing 
tubular member by expanding the new tubular member into engagement with 
the existing tubular member. 

An apparatus and method for eoqianding a tubular member is also 
10 proWded that indudes an expandable tubular member, mandrel and a shoe. In 
a preferred embodiment, the interior portions of the ^paratus is composed of 
materials that permit the interior portions to be removed using a conventional 
drilling apparatus. In this manner, in the event of a malfunction in a downhole 
region, the iqiparatus may be easily removed. 
15 An apparatus and method for hanging an expandable tubular liner in a 

wellbore is also provided. The apparatos and method permit a tubular liner to 
be attached to an existing section of casing. The apparatus and method further 
have application to the joining of tubular members in general 

An apparatus and method for forming a wellhead system is also provided. 
20 The apparatus and method pennit a wellhead to be formed including a number 
of expandable tubular members positioned in a concentric arrangement The 
wellhead preferab^ includes an outer casing that supports a plurality of 
concentric casings using contact pressure between the inner casings and the 
outer casing. The resulting wellhead system piiminftt^ many of the spools 
25 con ventionaUy required, reduces the height of the Christmaa tree facilitating 
servicing, low«s the load bearing areas of the wellhead resulting in a more 
stable system, and eliminates costly and eoqmisive hanger systems. 

An apparatus and method for forming a mono-diameter well casing is 
also provided. The apparatus and method permit the creation of a well casing 
30 in a wellbore having a auhatantially coMtan^i jn^^fll diftin^'^r, In this 
manner, the operation of an oU or gas well is greatly simplified. 
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An apparatus and method for expanding tubular members is also 
provided. The apparatus and method utilize a piston-cylinder configuration in 
which a pressurized chamber is used to drive a mandrel to radiaQy expand 
tubular manbers. In this manner y higher operating pressures be utilized. 
5 Throughout the radial expansion process, the tubular member ia never placed 
in direct contact with the operating pressures. In this manner, damage to the 
tubular member is prevented while also permitting controlled radial expansion 
of the tubular member in a- wellbore. 

An apparatus and method for forming a mono-diameter wellbore casing 
10 is also provided. The apparatus and method utilize a piaton-cylinder 

configuration in which a pressurized chamba is used to drive a mandrel to 
radially expand tubtilar members. In this manner, higher operating pressures 
can be utilized. Throughput the radial expansion process, the tubular member 
is never placed in direct contact with the operating pressures. In this manner, 
15 damage to the tubular member is prevented while also permitting controlled 
radial expansion of the tubular member in a wellbore. 

An apparatus and method for isolating one or more subterranean zones 
firom one or more other subterranean zones is also provided. The apparatus 
and method permits a producing zone to be isolated from a nonproducing zone 
20 using a combination of solid and slotted tubulars. In the production mode, the 
teachings of the present disclosure may be used in combination with 
conventional, well known, production completiim equipment and methods using 
aseries of packers, solid tubing, perforated tubing, and sliding sleeves, which 
will be insCTted into the disclosed apparatus to permit the ooinming}ing and/or 
25 isolatiaii of the subterranean zones from each other. 

An apparatus and method for forming a wdlbore casing while the 
wellbore ia drilled is also provided. In this manner, a wellbore casing can be 
formed simultaneous with the drilling out of a new section of the wellbore. In a 
prefored embodiment, the apparatus and method ia used in combination with 
30 one or more of the apparatus and methods disclosed in the preset disclosure 
for forming wellbore casLngs using expandable tubulars. Alternatively, the 
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method and apparatus can be used to create a pipeline or tunnel in a time 

efficient manner* 

An expandable connector is also provided. In a preferred 

implementation, the expandable connector is used in conjunction -with one or 
5 more oftixe disclosed embodiments for expanding tubular members. In this 

manner, the expansion of a plurality of tubular members coupled to one 

another using the expandable connector is optimized. 

In several alternative embodiments, the apparatus and methods are used 

to form or repair wellbore casings, pipelines, and/or structural supports. 
10 Referring initiaUy to Figs. 1*5, an embodiment of an apparatus and 

method for forming a vrellbore casing ivithin a subterranean formation will now 

be described. As illustrated in Fig. 1, a weUbore 100 is poaitioned in a 

subterranean formation 105. The wellbore 100 includes an existing cased 

section 110 having a tubular casing 115 and an annular outer layer of cement 
15 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form a new section 130. 

As illustrated in Fig. 2, an apparatus 200 for forming a wellbore casing in 

20 a subterranean formation is then positioned in the new section 130 of the 

wellbore 100. The I4)paratu8 200 preferably includes an expandable mandrel or 
pig 205, a tubular member 210, a shoe 215, a lower cup seal 220, an upper cup 
seal 225, a fluid passage 230, a fluid passage 235, a Quid passage 240, seals 245, 
and a support mesabet 250. 

25 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adapted to controUably 
expand in a radial direction. The expandable mandrel 205 may conqsrise any 
number of conventional commercially available expandable mandrels modified 
in accordance with the teachings of the present disclosure. In a preferred 

30 embodimenti the expandable mandrel 205 comprises a hydraulic expansion tool 
as disclosed in U.SL Patent No. 5,348,095, the contents of which are 
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incorporated herein by referenoey modified in accordance with the teachings of 
the present disdosure. 

The tubular member 210 is supported by the expandable mandrel 205. 
The tubular m^nber 210 is expanded in the radial direction and extruded ofT of 
5 the expandable mandrel 205. The tubular member 210 may be fabricated from 
any number of conventional conmiarially available materials such as, for 
example, Oilfield Country Tubular Goods (OCTG), 13 chromium steel 
tubin^casing, or plastic tubing/casing. In a preferred embodiment, the tubular 
member 210 is fabricated from OCTG in order to maximize strength after 

10 expansion. TheinnCTandouterdiametersof the tubular member 210 may 
range, for example, from approximatdy 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of the 
tubular member 210 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respectively in order to optimally provide minimal telescoping effect in the most 

15 commonly drilled wellbore sizes. The tubular member 210 preferably comprises 
a solid member. 

In a preferred embodiment, the end portion 260 of the tubular member 
210 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel 205 when it completes the extrusion of tubular member 210. In a 

20 preferred embodiment, the length of the tubular member 210 is limited to 

minimize the possibility of buckling. For typical tubular member 210 materials, 
the length of the tubular member 210 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 215 is couided to the expandable mandrd 205 and the tubular 

25 member 210. The shoe 215 indudes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes sudi as, for 
example. Super Seal II float shoe. Super Seal II Down-Jet float shoe or a guide 
shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 

30 comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug available from Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disclosure, in order to optimally 
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guide the tubular member 210 in the wellbore, optimally provide an adequate 
seal between the interior and exterior diameters of the overlsf^ping joint 
between the tubular members, and to optimally allow the complete drill out of 
the shoe and plug after the completion of the cementing and expansion 
5 operations. 

In a preferred embodiment, the shoe 215 includes one or more through 
and side outlet ports in fluidic communication with the fluid passage 240. In 
this manner, the shoe 215 optimally injects hardenable fltiidic sealing material 
into the region outside the shoe 215 and tubular member 210. In a preferred 
10 embodiment^ the shoe 215 includes the fluid passage 240 having an inlet 

geometry that can receive a dart and/or a ball sealing moober. In thia manner, 
the fluid passage 240 can be optimally sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230. 

The lower cup seal 220 is coupled to and supported by the support 
15 member 250. The lower cup seal 220 prevents foreign m<itor iiiia from entering 
the intCTior region of the tubular member 210 a4jaoent to the expandable 
mandrel 205. The lower cup seal 220 may comprise any number of 
conventional commercially available cup seals such as, for example, TP cups, or 
Selective Ii^ection Padcor (SIP) cups modified in aooordance with the teachings 
20 of the pr^ent disclosure. In a preferred embodiment, the lower cup seal 220 
comprises a SIP cup seal, available from Halliburton Energy Services in Dallas, 
TX in order to optimally block foreign material and contain a body of lubricant. 

The upper cup seal 225 is coupled to and supported by the support 
member 250. The upper cup seal 225 prevmts foreign nii>ii>yiftla from entering 
25 the interior r^on of the tubular member 210. The upper cup seal 225 may 
comprise any number of conventional conunerciaUy available cup seals such as, 
for example, TP cups or SIP cups modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the upper cup seal 225 
comprises a SIP cup, available from Halliburton Energy Services in Dallas, TX 
30 in order to optinoally block the entiy of foreign lyia^^rin^ and contain a body of 
lubricant. 
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The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of ttie tubular member 210 below the expandable 
mandrel 205. The fluid passage 230 is coupled to and poaitioned within the 
support member 250 and the expandable mandrel 205. The fluid passage 230 
5 preferably extends from a position ai^ja^t to the surface to the bottom of the 
expandable mandrel 205. The fluid passage 230 is preferably positioned along a 
centerline of the c^paratos 200. 

The fluid passage 230 is pre£mbly selected, in the casing nmning mode 
of operation, to transport materials such as drilling mud or formation fluids at 
10 flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to minimise drag on the tubular member being run and to 
minimize surge presaiu^es exerted on the wellbore which could cause a loss of 
weilbore fluids and lead to hole collapse. 

The fluid passage 235 permits fluidic materials to be released from the 
15 fluid passage 230. In this mannor, during placement of the apparatus 200 
within the new section 130 of the wellbore 100, fluidic matoials 255 forced up 
the fluid passage 230 can be released into the wellbore 100 above the tubular 
member 210 thereby minimiring surge pressures on the wellbore section 130. 
The fluid passage 235 is coupled to and positioned within the support manber 
20 250. The fluid passage is further fluidicly coupled to the fluid passage 230* 

The fluid passage 235 preferably includes a control valve for contaroUably 
opening and closing the fluid passage 235. In a preferred embodiment, the 
control valve is pressure activated in order to oontroUab|y minimize surge 
pressures. The fluid passage 235 is preferably poaitioaedsubstantiaQy 
25 orthogonal to the centerline of the apparatus 200. 

The fluid passage 236 is preferably selected to convey fluidic materiato at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to minimize surge pressures on the 
30 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the r^on exterior to the tubular member 210 and shoe 215. The fluid 
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passage 240 is coupled to and positioned within the shoe 215 in fliiidic 
communication with the interior region of the tubular member 210 below the 
expandable mandrel 205. The fluid passage 240 preferab^ has a cross-sectional 
shBpe that permits a plug, or other similar device, to be placed in fluid passage 
5 240 to Uierdby block further passage of fluidic materials. In this manner, the 
interior region of the tubular member 210 below the expandable mandrel 205 
can be fluidic^ isolated firom the region exterior to the tubular member 210. 
This permits the interior region of the tubular member 210 below the 
expandable mandrel 205 to be pressurized. The fluid passage 240 is preferably 

10 positioned substantially along the oenterline of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 
0 to 3,000 gallonsAninute and 0 to 9,000 psi in order to optimally fiU the 
annular region between the tubular member 210 and the new section 130 of the 

15 wellbore 100 with fluidie materials. In a preferred embodiment, the fluid 
passage 240 includes an inlet geometiy that can receive a dart and/or a ball 
sealing member. In this manner, the fluid passage 240 can be sealed ofifby 
introducing a plug, dart and/or ball sealing elements into the fluid passage 230. 
The seals 245 are coupled to and supported by an end portion 260 of the 

20 tubular membv 210. The seals 245 are further positiobed on an outer surface 
265 of the end portion 260 of the tubular member 210. The seals 245 permit 
the overlapping joint between the end portion 270 of the casing 115 and the 
portion 260 of the tubular member 210 to be fluidie^ sealed The seals 245 
may comprise any number of conventional commercially available seals such as, 

25 for example, lead, niUber, Teflon, or epoxy seals modified in accordance with 
the teachings of the present disclosure. In a preferred ttnbodiment, the seals 
245 are molded from Stratalock epoj^ available from Hallibmrton Energy 
SOTvices in Dallas, TX in order to optimally provide a load bearing interference 
fit between the end 260 of the tubular memb^ 210 and the end 270 of the 

30 existing casing 115. 

In a preferred embodiment, the seals 245 are selected to optimally 
provide a siiffident frictional force to support the expanded tubular member 
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210 from the eyisting casing 115. In a preferred embodiment, the frictional 
force optimally provi<ded by the seals. 245 ranges from about 1,000 to 1,000,000 
Ibf in order to optimally support the expanded tubular member 210. 

The support member 250 is coupled to the expandable mandrel 205, 
5 tubular member 210, shoe 215, and seals 220 and 225. The support member 
250 preferably oonqprises an annular member having sufficient strength to 
carry the apparatus 200 into the new section 130 of the wellbore 100. In a 
prdTerred embodiment, the support member 250 further includes one or more 
conventional centralizers (not illustrated) to he^ stabilize the apparatus 200. 
10 In a preferred embodiment, the support member 250 comprises coiled tubing. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular membCT 210. In this manner, the extrusion of the tubular member 210 
off of the expandable mandrel 205 is facilitated. The lubricant 275 may 

15 con^irise any number of conventional commercially available lubricants such 
as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Antisieze (3100). In a preferred embodiment, the lubricant 275 
comprises Climax 1500 Antisieze (3100) available from Climax Lubricants and 
Equipment Co* ta Houston* TX in order to optimally provide optimum 

20 lubrication to faciliate the expansion process* 

In a preferred embodiments the support member 250 is thoroughly 
deaned prior to aasembly to the remaining portions of the apparatus 200. In 
this manner, the introduction of foreign material into the apparatus 200 is 
minimized. This miniTnixcs the poeaihili^ of foreign material dogging the 

25 various floMrpa88age8andvalveBofthea|q;>aratua 200. 

In a prrferred embodimwt, before or after positioning the apparatus 200 
within the new aection ISOof the wellbore 100, a couple of wellbore volumes are 
circulated in order to msure that no foreign materials are located within the 
wellbore 100 that might dog up the various flow passages and valves of the 

30 apparatus 200 and to ensure that no foreign material interferes with the 
expansion process.. 
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A3 illustrated in Fig. 3, the fluid passage 235 is then closed and a 
hardenable fluidic sealing material 305 ia then pumped from a siuf ace location 
into the fluid passage 230. The material 305 then passes from the fluid passage 
230 into the interior region 310 of the tubular member 210 below the 
5 expandable mandrel 205. The material 305 then passes from the interior region 
310 into the fluid passage 240. The material 305 then exits the apparatus 200 
and fills the annular region 315 between the exterior of the tubular member 
210 and the interior wall of the new section ISO of the wellbore 100. Continued 
pumping of the material 305 causes the material 305 to fill up at least a portion 
10 of the annular region 315« 

The material 305 is preferably pumped into the annular riegion 315 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectively. The optimum flow rate and operating 
pressures vary as a function of the casing and wellbore sizes, wellbore section 

15 length, available pumping equipment, and fluid properties of the fluidic 
material being pumped. The optimum flow rate and operating pressure are 
preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing m^^torifl^a such 

20 as, for example, slag mix, cement or epoxy. In a preferred embodiment* the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular weU section being drilled frt)m Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tubular member 
210 while also maintaining optimum flow characteristica so as to minimis e 

25 difficulties during the displacement ofoement in the annular region 315. The 
optimimi blend of the blended omient is preferably determined using 
conventional empirical methods. 

The annular r^on 315 preferably ia filled with the material 305 in 
suCBdent quantities to ensure that, upon radial expansion of the tubular 

30 member 210, the annular region 315 of the new section 130 of the wellbore 100 
wiU be fiUed with material 305. 
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In a particularly preferred embodiment^ as illustrated in Pig. 3a, the wall 
tfaicknesa and/or the outer dxameter. of the tubular member 210 is reduced in 
the region ai^cent to the mandrel 205 in order optimal^ permit placement of 
the apparatus 200 in positions in the weUbore with tight clearances, 
5 Furthermore, in this manner, the initiation of the radial expansion of the 
tubular member 210 during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
filled with material 305, a plug 405, or other similar device, is introduced into 
the fluid passage 240 thereby fluididy isolating the interior region 310 from the 
10 annular region 315. In a preferred embodiment, a non-hardenable fluidic 
material 306 is then pimiped into the interior r^on 310 causing the interior 
region to pressurize. In this manner, the interior of the expanded tubular 
member 210 will not contain significant amounts of cured material 305. This 
reduces and simplifies the cost of the entire process. Alternatively, the matoial 
15 305 may be used during this phase of the process. Once the interior region 
310 becomes sufficiently pressurized, the tubular member 210 is extruded oCT of 
the expandable mandrel 205. During the extrusion [ goces s , the expandable 
mandrel 205 may be raised out of the expanded portion of the tubular member 
210. In a preferred embodiment^ during the extrusion process, the mandrel 205 
20 is raised at approximately the same rate as the tubular member 210 is expanded 
in order to keep the tubular membor 210 stationary relative to the new wellbore 
section 130. In an alternative preferred embodiment, the extrusion process is 
commenced with the tubular member 210 positioned above the bottom of the 
new wellbore section ISO, keeping the mandrel 205 stationaiy, and allowing the 
25 tubular member 210 to extrude oflfof the mandrel 205 and fall down the new 
wellbore section ISO under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by 
introducing the plug 405 into the fluid passage 230 at a surface location in a 
conventional manner. The plug 405 preferably acts to fluididy isolate the 
30 hardenable fluidic sealing matorial 305 from the non hardenable fluidic 
material 306. 
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The plug 405 may comprise any number of conventional commerdally 
available devices from plugging a fluid passage such as, for example. Multiple 
Stage Cementer (MSG) latch-down plu& Omega latch-down plug or three-wiper 
latch-down plug modified in accordance with the tparhings of the present 
5 disclosure. In a preferred embodiment, the plug 405 comprises a MSG latch- 
down plug available from Halliburton Energy Services in Dallas, TX. 

After plac^ent of the plug 405 in the fluid passage 240, a non 
hardenable fluidic malarial 306 is prdisably pumped into the interior region 
310 at pressures and flow rates ranging, for example, &t>m approximatdy 400 to 

10 10,000 psi and 30 to 4,000 gallons/min. In this manner, the amount of 
hardenable fluidic sealing material within the interior 310 of the tubular 
meniber 210 is minimized. In a preferred embodiment, after placement of the 
plug 405 in the fluid passage 240, the non hardenable material 306 is preferabfy 
pumped into the interior region 310 at pressures and flow rates ranging from 

15 approximate^ 500 to 9,000 psi and 40 to 3,000 gallona/min in order to 
maximize the extrusion speed. 

In a preferred embodiment, the apparatus 200 is adapted to minimize 
tensile, bxust, and friction effects upon the tubular member 210 during the 
expansion prooesa. These efifects will dq»id upon the geometry of the 

20 expansion mandrel 205, the material composition of the tubular member 210 
and expansion mandrel 205, the inner diameter of the tubular member 210, the 
wall thickness of the tubular member 210, the type of lubricant, and the yield 
strength of the tubular member 210, In g»eral, the thicker the waU thickness, 
the smaller the inner diameter, and the greater the yield strength of the tubular 

25 member 210, thra the greater the operating pressures required to extrude the 
tubular member 210 ofif of the mandrd 205. 

For typical tubular members 210, the extrtision of the tubular manber 
210 off of the expandable mandrel will begin when the pressure of the interior 
region 310 reaches, for example, approximately 500 to 9,000 pai. 

30 During the extrusion process, the expandable mandrel 205 may be raised 

out of the expanded portion of the tubular member 210 at ratra ranging, for 
example, frt>m about 0 to 5 ft/sec. In a prefmed embodiment, during the 
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extrusion process, the expandable mandrel 205 is raised out of . the expanded 
portion of the tubular member. 210 at rates ranging from about 0 to 2 fVsec in 
order to minimize the time required for the expansion process whi'la also 
permitting easy control of the expansion prooess. 
5 When the end portion 260 of the tubular member 210 is extruded off of 

the expandable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferabfy contact the interior-surface 410 of the end 
portion 270 of the casing 115 to form an fluid ti^t overlapping joint The 
contact pressure of the overk^ping joint may range, for example, from 

10 approximately 50 to 20,000 psi* In a preferred embodiment, the contact 

pressure of the overlapping joint ranges from approximately 400 to 10,000 pai in 
order to provide optimum pressure to activate the annular sealing members 245 
and optimally provide resistance to axial motion to accommodate typical tensile 
and compressive loads. 

15 The overlapping joint between the section 410 of the existing casing 115 

and the section 265 of the expanded tubular member 210 preferably provides a 
gaseous and fluidic seal. In a particularly preferred embodiment, the sealing 
members 245 optimally provide a fluidic and gaseous seal in the overleaping 
joint 

20 In a preferred embodiment, the operating pressure and flow rate of the 

non hardenable fluidic material 306 is controllably ramped down whm the 
expandable mandrel 205 reaches the end portion 260 of the tubular member 
210. In this manner, the sudden release of pressure caused by the complete 
extrusion of the tubular member 210 off of the expandable mandrel 205 can be 

25 minimized. In a preferred embodiment, the opoating pressure is reduced in a 
substantiaUy linear fashion from 100% to about 10% during the end of the 
extrusion process beginning when the mandrel 205 is within about 5 feet from 
completion of the extrusion process. 

Alternatively, or in combination, a shock absorber is provided in the 

30 support member 250 in order to absorb the shock caused by the sudden release 
of pressure. The shock absorber may comprise, for example, any conventional 
commercially available shodc absorber adapted for use in wellbore operations. 
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Alternatively, or in combination, a mandrel catching structure is 
provided in the end portion 260 of the tubular member 210 in order to catch or 
at least decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 205 is 
5 removed from the wellbore 100. In a preferred embodiment, either before or 
after the removal of the expandable mandrel 205, the integrity of the fluidic seal 
of the overlapping joint between the upper portion 260 of the tubular member 
210 and the lower portion 270 of the casing 115 ia tested using conventional 
methods. 

10 If the fluidic seal of the overlapping joint between the upper portion 260 

of the tubular mraober 210 and the lower portion 270 of the casing 115 ia 
satisfactory, then any uncured portion of the material 305 within the expanded 
tubular m^nber 210 is then removed in a conventional manner such as, for 
example, circulating the uncured matmal out of the interior of the expanded 

15 tubular member 210. The mandrel 205 is then puUed out of the wellbore 
section 130 and a drill bit or miU is used in combination vrith a conventional 
drilling assembly 505 to drill out any hardened material 305 within the tubular 
member 210. The material 305 within the annular region 315 is then allowed 
to cure. 

20 As illuateated in Pig. 5, preferably any remaining cured material 305 

within the interior of the expanded tubidar member 210 is then removed in a 
conventional manner using a conventional driU string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
annular layv 515 of cured material 305. The bottom portion of the apparatus 

25 200 comprising the shoe 215 and dart 406 may then be removed by drilling 
the shoe 215 and dart 405 using conventional drilling methods. 

In a preferred embodiment, aa illustrated in Fig. 6, the upper portion 260 
of the tubular memba 210 includes one or more sealing members 605 and one 
or more pressure relief holes 610. In this mann«, the overlapping joint 
30 between the lower portion 270 of the casing 1 15 and the upper portion 260 of 
the tubular memb^ 210 is pressure-tight and the pressure on the interior and 
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exterior surfaces of the tubular member 210 is equalized during the extrusion 
process. 

In a prrferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
5 tubular member 210. In an alternative prefnred embodiment* the sealing 
members 605 are bonded or molded onto the outer surface 265 of the upper 
portion 260 of the tubular member 210. The pressure relief holes 610 are 
preferably positioned in the last few feet of the tubular member 210. The 
pressure relirfholes reduce the operating pressures required to expand the 

10 upper portion 260 of the tubular member 210. This reduction in required 
operating pressure in turn reduces the velocity of the mandrel 205 upon the 
completion of the extrusion process. Thia reduction in velocity in turn 
minimizes the mechanical shock to the entire apparatus 200 upon the 
completion of the extrusion process. 

15 Referring now to Fig. 7, a particularly preferred embodiment of an 

apparatus 700 for forming a casing within a wellbore preferably includes an 
expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 
730, a fluid passage 735, a fluid passage 740, a support member 745, a body of 

20 lubricant 750, an overshot connection 755, another support member 760, and a 
stabilizer 765. 

The expandable mandrel 705 is coupled to and supported by the support 
member 745. The expandable mandrel 705 is Anther coupled to the expandable 
mandrel container 710. The opandable mandrel 705 is preferably adapted to 

25 controUably expand in a radial direction. The expandable mandrel 705 may 
comprise any number of convmtional commerciaUy available expandable 
mandrels modified in accordance with the teachings of the present disclosure. 
In a preferred embodiment^ the expandable mandrel 705 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat No. 5,348,095, the 

30 contents of which are incorporated herein by reference, modified in accordance 
with the teachings.of the present disclosure. 
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The expandable mandrel container 710 is coupled to and supported by 
the support member 745. The expandable mandrel container 710 is further 
coupled to the expandable mandrel 705. The expandable mandrel container 710 
may be constructed from any number of conventional commerdaUly available 
5 materials such as, for example. Oilfield Country Tubular Goods, stainless steel, 
titanium or hii^ strength steels. In a preferred embodiment, the expandable 
mandrel container 710 is fiedbricated from material having a greater strength 
than the material from which the tubular member 715 is fabricated. In this 
manner, the container 710 can be fabricated &t)m a tubular material having a 
10 thixmer wall thickness than the tubular member 210. This permits the 

container 710 to pass through tight clearances thereby facititating its placement 
within the wellbore. 

In a preferred embodiment, once the expansion process begins, and the 
thicker, lower strength material of the tubular member 715 is expanded, the 
15 outside diameter of the tubular member 715 is greater than the outside 
diameter of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 
direction and extruded off of the expand^le mandrel 705 substantially as 
20 (tescribed above with refiaence to Pigs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfidd Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

In a preferred embodiment, the tubular member 715 has a substantiaUy 
25 annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantial^ circular AtiTi^i^iiy cross-section. 

The tubular member 715 preferabfy includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 
tubular member 715 prefoably is defined by the region b^inning in the 
30 vicinity of the mandrel container 710 and ending with the top section 820 of the 
tubular member 715. The intermediate section 810 of the tubular member 715 
is preferably defined by the region b^inning in the vicinity of the top of the 
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mandrel container 710 and ending with the region in the vicinity of the mandrel 
706. The lower.sedioa of the tubul^ memW 715 is prefmbly defined by the 
region b^inning in the vidnity of the mandrd 705 and ending at the bottom 
825 of the tubular member 715. 
5 In apreferred embodiment, the wall thickness of the upper section 805 of 

the tubular member 715 is greats than the wall thi^esses of the 
intermediate and lower sections 810 and 815 of the tubular member 715 in 
order to optimally fadliate the initiation of the extrusion process and optimally 
permit the apparatus 700 to bis positioned in locations in the wellbore having 
10 tight dearanoes. 

The outer diameter and watt thickness of the upper section 805 of the 
tubular member 715 may range, for ezan^)Ie, from about 1.05 to 48 inches and 
1/8 to 2 inches, respectively. In a preferred embodiment^ the outer diameter 
and waU thickness of the upper section 805 of the tubular membo' 715 range 
15 from about 3.5 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and waU thickness of the intermediate section 810 of 
the tubular member 715 may range, for example, from about 2.5 to 50 inches 
and 1/16 to 1.5 inches, respectively. In a preferred embodiment, the outer 
diameter and wall thickness of the intermediate section 810 of the tubular 
20 member 715 range from about 3.5 to 19 inches and 1/8 to 1.25 inches, 
respectively. 

The outer diameter and waU thickness of the lower section 815 of the 
tubular mmbv 715 mi^ range, for exan4>le, from about 2.5 to 50 inches and 
1/16 to 1^ mches, respectively. In a prefmed embodiment, the outer 

25 diameter and waU thickness ofthe lower section 810 ofthe tubular menber 715 
range from about 3.5 to 19 indies and 1/8 to 1.25 indies, respective^. Ina 
particularly preferred embodiment^ the wall thickness of the lower section 815 
of the tubular member 715 is further increased to increase the strength of the 
shoe 720 when driUable materials sudi as, for exanqile, aluminum are used. 

30 The tubular member 715 preferably comprises a solid tubular member. 

In a preferred embodiment, the end portion 820 of the tubular member 715 is 
slotted, perforated, or otherwise modified to catch or slow down the mandrel 
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705 when it completes the extrusion of tubular member 715. In a preferred 
embodiment^ the length of the tubular member 715 is limited to minimize the 
possibility of buckling. For typical tubular member 715 materials, the length of 
the tubular member 715 is preferably limited to between about 40 .to 20,000 
5 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 fiulher includes an inlet passage 830, and one or 
more jet ports 835. In a particularly preferred embodiment, the cross-sectional 

10 shape of the inlet passage 830 is adapted to receive a latch-down dart, or other 
sinular elements, for blocking the inlet passage 830. The interior of the shoe 
720 preferably indudes a body of solid material 840 for increasing the strength 
of the shoe 720. In a particularly preferred embodiment, the body of solid 
material 840 oomprises aluminum. 

15 The shoe 720 may comprise any number of conventional commerdaUty 

available shoes such as, for example, Super Seal II Down^et float shoe, or guide 
shoe with a sealing sleeve for a latdi down plug modified in accordance with the 
teachings of the present disdosure. In a prefored mfaodiment^ the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
20 down plug available from Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disdosure, in order to optimize 
guiding the tubular member 715 in the wellbore, optimize the seal betwera the 
tubular mambor 715 and an existing wellbore casing, and to optimally fadliate 
the removal of the shoe 720 by drilling it out after completion of the extrusion 
25 process. 

The lower cup seal 725 is coupled to and supported by the support 
member 745. The lower cup seal 725 prevents foreign materials fi-om entering 
the interior region of the tubular member 715 above the expandable mandrel 
705. The lower cup seal 725 may comprise any number of conventional 
30 commerdally available cup seals such as, for example, TP cups or Selective 
Injection Packer (SIPy cups modified in accordance with the teachings of the 
present disdosure. In a preferred embodiment, the lower cup seal 725 
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comprises a SIP cup, available from Halliburton Energy Services in Dallas. TX 
in order to optimally provide a, ddtjs barrier and hold a body of lubricant 
The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup seal 730 invents foreign materiab from entering 
5 the interior r^on of the tubular m^nber 715. The upper cup seal 730 may 
comprise any number of conventional commercially available cup seals such as, 
for ezanvie, TP cups or Selective Iqjection Packv (SIP) cup modified in 
accordance with the teachings of the present disclosure. In a prefmed 
embodiment, the upper cup seal 730 comprises a SIP cup available from 
10 Halliburton Energy S^ces in Dallas, TX in order to optimally provide a debris 
barrier and contain a body of lubricant. 

The fluid passage 735 permits fluidic materials to be toinsported to and 
from the interior region of the tubular member 715 below the expandable 
mandrel 705. The fluid passage 735 is fliiidicty coupled to the fluid passage 740. 
15 The fluid passage 735 is preferably coupled to and positioned within the support 
member 760, the support member 745, the mandrel container 710, and the 
expandable mandrel 705. The fluid passage 735 preferably extends fitim a 
position a4jaoent to the surface to the bottom of the expandable mandrel 705. 
The fluid passage 735 is preferably positioned along a centniine of the 
20 apparatus 700. The fluid passage 735 is preferably selected to transport 
materials such as cement, drilling mud or epoxiee at flow rates and pressures 
ranging from about 40 to 3,000 gallonsMiinute and 500 to 9,000 psi in order to 
optimaUy provide sufficient operating pressures to extrude the tubular member 
715 off of the ffipandnWe mandrel 705. 
25 As described above with reference to Figs* 1-6, during pbranent of the 
apparatus 700 within a new section of a wellbore, fluidic matow^ tlff forced up the 
fluid passage 735 can be released into the wellbore above the tubular member 
715. In a pvrferred eikibodiment, the apparatus 700 further includes a pressure 
release passage that is coupled to and positioned within the support member 
30 260. The pressure release passage is further fluididy coupled to the fluid 
passage 735. The pressure release passage preferably includes a control valve 
for controUably opening and closing the fluid passage. In a preferred 
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embodiment, the control valve is pressure activated in order to controUably 
minimize siirge pressures. The pressure release passage is preferably 
positioned substantially orthogonal to the centerline of the apparatus 700. The 
pressure release passage is preferably selected to convey materials such as 
5 cement, drilling mud or epoxies at flow rates and pressiu^ ranging from about 
0 to 500 gaUons/minute and 0 to 1,000 psi in order to reduce the drag on the 
apparatus 700 during insertion into a new section of a wellbore and to minimize 
surge pressures on the new wellbore section. 

The fluid passage 740 pmnits fluidic materials to be transported to and 
10 from the region exterior to the tubular member 715. The fluid passage 740 is 
prefei^ly coupled to and positioned within the shoe 720 in fluidic 
conununication with the interior region of the tubular member 715 below the 
expandable mandrel 705. The fluid passage 740 preferably haa a cross-sectional 
shape that permits a plug» or other similar device, to be placed in the inlet 830 

15 of the fluid passage 740 to thereby block further passage of fluidic materials. In 
this manner, the interior region of the tubular member 715 below the 
expandable mandrel 705 can be optimally fluididy isolated from the r^on 
exterior to the tubular mraaber 715. This permits the interior region of the 
tubular member 715 below the expandable mandrel 205 to be pressurized. 

20 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in 
order to optimally fill an annular region between the tubular member 715 and a 

25 new section of a wellbore with fluidic materials. In a preferred embodiment, 
the fluid passage 740 includes an inlet passage 830 having a geonoetry that can 
receive a dart and/or a ball sealing member. In manner, the fluid passage 
240 can be sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 

30 In a preferred embodiment^ the apparatus 700 frirthw includes one or 

more seals 845 coupled to and supported by the end portion 820 of the tubular 
member 715. The seals 845 are further positioned on an outer surface of the 
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end portion 820 of the tubular member 715. The seals 845 permit the 
overlapping joint bety^een an end pprtion of preexiBting casing and the end 
portion 820 of the tubular member 715 to be fluidicly sealed. The seals 845 
may comprise any number of eonvntional commmdally available seals such as, 
5 for example, lead, rubber, Teflon, or epo^ seals modified in accordance with 
the teachings of the present disdosure. In a prefiored embodiment, the seals 
845 comprise seals molded from StrataLock epooy available from Halliburton 
Energy Services in Dallas, TX in order to optimaUy provide a hydraulic seal and 
a load bearing interference fit in the ov^lapping joint between the tubular 
10 member 715 and an existing casing with optimal iMd bearing capacity to 
support the tubular member 715. 

In a preferred embodiment, the seals 845 are selected to provide a 
sufficient frictional force to support the expanded tubular member 715 from the 
existing casing. In a preferred embodiment, the frictional force provided by the 
15 seals 845 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
support the expanded tubular member 715, 

The support member 745 is preferably coupled to the expandable 
mandrel 705 and the overshot connection 755, The support member 745 
preferably comprises an annular member having sufficient strength to cany the 
20 apparatus 700 into a new section of a wellbore. The support member 745 may 
comprise any number of conventional commerctal|y available support members 
such as, for example, steel drill pipe, coiled tubing or other hi^ strength 
tubular modified in acmrdaneft vnA faMi^^ppy ^ thff prCTftnt digdoourc. In 
a preferred onbodiment, the support menjber 745 oomprises conventional drill 
25 pipe available firom various steel mills in the United States. 

In a prefmed embodiment, a bo4y of lubricant 750 is provided in the 
annular region above the expandable mandrel containw 710 within the interior 
of the tubular member 715. In this mann«, the extrusion of the tubular 
member 715 off of the expandable mandrel 705 is fftdli^*^ The lubricant 705 
30 nmy comprise any number of oonvratioQalcoiim 

such as, for example, Lubriplate, chlorine based lubricants, oU based lubricants, 
or Climax 1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 
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comprises Climax 1500 Antisieze (3100) avaflable from Halliburton Energy 
Services in Houston,. TX in order to optimally provide lubrication to fadliate the 
eztnision process. 

The overshot connection 755 is coupled to the support member 745 and 
5 the support member 760. The overshot connection 755 preferably permits the 
support member 745 to be removably coupled to the support member 760. The 
overshot connection 755 may comprise any number of cbnventional 
commercially available overshot connecttona such as, for example, Innerstring 
Sealing Adapter, Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool 
10 Stinger. In a preferred embodiment, tfie overshot connection 755 comprises a 
Ixuerstring Adapter with an Upper Guide available from Halliburton Energy 
Services in Dallas, TX. 

The support member 760 is preferably coupled to the overshot 
connection 755 and a surface support structure (not illustrated). The support 
15 niember 760 preferably comprises an annular member having sufficient 
strength to cany the ^iparatus 700 into a new section of a wellbore. The 
support member 760 may comprise any number of conventional commercially 
available support monbers such as, for example, steel drill pipe, coiled tubing or 
other high strength tubulars modified in accordance with the teachings of the 
20 preset disclosure. In a preferred embodiment, the support member 760 
comprises a oonvmtional drill pipe available torn steel wiillii in the United 
States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 765 alao preferably stabilizes the components of the apparatus 700 

25 within the tubular member 715. The stabflizcr 765 preferably comprises a 
spherical member having an outside diameter that is about 80 to 99% of the 
interior diameta: of the tubular member 715 in order to optimal^ minimize 
buckling of the tubular member 715. The stabilizer 765 may compriae any 
number of convmtional commercially available stabilizers such as, for example, 

30 EZ DriU Star Guides, packer shoes or drag blocks modified in apoordance with 
the t e a c hi ng s of the present disclosure. In a preferred embodiment, the 
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Stabilizer 765 comprises a sealing adapter upper guide available from 
Halliburton Energy Service? in Dallas, TX. 

In a preferred embodiment^ the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the 
5 apparatus 700. In this manner, the introduction of foreign material into the 
apparatus 700 is minimized. This minimizes the possibility of foreign material 
dogging the various flow passages and valves of the apparatus 700. 

In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of wellbore volumes are circulated 
10 through the various flow passages of the apparatus 700 in order to ensure that 
no foreign materials are located within the wellbore that might dog up the * 
various flow passages and valves of the apparatus 700 and to ensure that no 
foreign material int^eres with the expansion mandrel 705 during the 
expansion process. 

15 In a preferred embodiment, the apparatus 700 is operated substantially 

as described above with referrace to Figs. 1-7 to form a new section of casing 
within a wellbore. 

As illustrated in Fig. 8, in an alternative preferred embodiment, the 
method and apparatus described herein is used to repair an existing weUbore 
20 casing 805 by forming a tubular liner 810 inside of the existing wellbore casing 
805. In a preferred embodimenti an outer annular Kwitig of cement is not 
provided in the repaired section. In the altomative preferred embodiment, any 
number of fluidic materials can be used to expand the tubular liner 810 into 
intimate contact with the damaged section of the wellboz« casing such as, for 
25 example, cement^epaxy, slag mix, or driUing mud In the alternative prefmed 
embodunenti sealing members 815 are preferably provided at both ends of the 
tubular member in order to optimally provide a fluidic seal. In an alternative 
preferred embodiment, the tubular iin^ 810 is formed within a horizontally 
positioned pipeline section, such as those used to transport hydrocarbons or 
30 water, with the tubular liner 810 placed in an overlapping relationship with the 
adjacent pipeline section. In this manner, underground pipelines can be 
repaired without having to dig out and replace the damaged sections. 
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In another alternative preferred embodiment, the method and apparatus 
described herein ia used to directly line a wellbore with a tubular liner 810. In 
a preferred embodiment, an outer annular lining of cement is not provided 
between the tubular liner 810 and the wellbore. In the alternative preferred 
5 embodiment, any number of fltiidic materials can be used to expand the tubular 
liner 810 into intimate contact with the wellbore audi aa, for example, cement, 
epoxy, slag mix, or drilling mud. 

Referring now to Figs. 9, 9a. 9b and So, a prefned embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
10 member 902, a support manber 904, an expandable mandrel or pig 906, and a 
shoe 908. In a preferred embodiment, the design and constructicm of Oie 
mandrel 906 and shoe 908 permits easy removal of those elements by drilling 
them out In this manner,.the assembly 900 can be eaaily removed from a 

wellbore using a conventional drilling apparatus and corresponding drilling 
15 methods. 

The expandable tubular member 902 preferab^ indudes an upper 
portion 910, an intermediate portion 912 and a loww portion 914. During 
operation of the apparatus 900, the tubular member 902 is preferabty extruded 
off of the mandrel 906 1^ pressurizing an intmor region 966 of the tubular 
20 member 902. The tubular member 902 preferably has & subatantiaUy annular 
cross-section. 

In a particular^ preferred embodiment, an expandable tubular member 
915 is coupled to the upper portion 910 of the expandable tubular membo 902. 
During operation of the apparatus 900, the tubular member 915 is preferably 
25 extruded off of the mandrel 906 by pressurizing the interior region 966 of the 
tubular member 902. The tubular member 915 prrferably has a substantially 
annular cross-aection. Jn a preferred embodiment, the wall thirimoftn of the 
tubular memb^ 915 is greater than the wall thickness of the tubular member 
902. 

30 The tubular member 915 may be fabricated from any number of 

conventional commerciallty available materiala such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
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embodiznent, the tubular member 915 is fabricated from oilfield tubulars in 
order to optimaUy provide ^prozimatelty the same mechanical properties as the 
tubular member 902. In a particular^ preferred embodiment, the tubular 
member 915 has a plastic yield point ranging from about 40,000 to 135,000 psi 
5 in order to optimally provide approximately the same yield properties as the 
tubular member 902. The tubular member 915 may comprise a plurality of 
tubular members coupled end to end. 

In a preferred embodiment, the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 
10 and/or gaseous seal with an existing section of wellbore casing. 

In a preferred embodiment, the combined length of the tubular members 
902 and 915 are limited to minimize the possibiUty of buckling. For typical 
tubular member materials, the combined length of the tubular members 902 
and 915 are limited to between about 40 to 20,000 feet in length. 
15 The lower portion 914 of the tubular member 902 is preferably coupled 

to the shoe 908 by a threaded connection 968. The intermediate portion 912 of 
the tubular member 902 preferab^ is placed in intimate sliding contact with 
the mandrel 906. 

The tabular member 902 may be fabricated firom any number of 
20 conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred 
embodiment! the tubular member 902 is fabricated from oilfield tubulars in 
order to optimaQy provide approziiiiately the same mechanical properties as the 
tubular membv 915. In a particularly preferred embodiment, the tubular 
25 member 902 has a plastic yield point ranging from about 40,000 to 135,000 psi 
in order to optimal^ provide approximate^ the same yield properties as the 
tubular member 915. 

The wall thfclmpss of the uppv, intermediate, and lower portions, 910, 
912 and 914 of the tubular member 902 may range, for example, from about 
30 1/16 to 1.5 inches. In a preferred embodiment, the wall thickness of the upper, 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range from about 1/8 to 1.25 in order to optimally provide wall thirinifiisa that 
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are about the same as the tubular member 915. In a preferred embodiment, the 
wall thickness of the lower portion 914 ia less than or equal to the wall 
thickness of the upper portion 910 in order to optimally provide a geometry that 
will fit into tight clearances downhole. 
5 The outer diameter of the upper, intermediate, and lower portions, 910, 

912 and 914 of the tubular member 902 may range, for example, from about 
1.05 to 48 inches. In a prrferred embodiment, the outerdiameter of the upper, 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range from about 3 to 19 inches in order to optimally provide the ability to 
10 expand the most oonmionl^ used oilfield tubulars. 

The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a bo^y of lubricant. 

The tubular member 902 may comprise any number of conventional 
15 commercially available tubular members modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the tubular 
member 902 comprises Oilfield Country Tubular Goods available from various 
U^. steel mills. The tubular member 915 may comprise any number of 
conventional conunerdally available tubular members modified in accordance 
20 with the teachings of the present disclosure. In a preferred embodiment, the 
tubular member 916 con^rises Oilfield Countiy Tubular Goods available from 
various U.S. steel mills. 

The various elttients of the tubular member 902 may be coupled using 
any numbv of conventional process sudi aa, for example, threaded connections, 
25 welding or machined from one piece. In a prtferred embodiment, the various 
dements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end 
to end. The various elements of the tubular membw 915 may be coupled using 
any number of conventional process such as, for example, threaded connections, 
30 welding or machined from one piece. In a preferred embodiment, the various 
elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end 
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to end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for ezanqile, threaded connections, welding or 
machined from one piece. 

Tlie support member 904 preferabfy includes an innerstring adapter 916, 
5 a fluid passage 918. an upper guide 920, and a coupling 922. During opwation 
of the apparatus 900, the support member 904 preferably supports the 
apparatus 900 during movemoit of the apparatus 900 within a weUbore. The 
support membCT 904 preferabfy has a substantially annular cross-section. 
The support member 904 may be fabricated from any number of 
10 conventional oonmiercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless sted. In a preferred 
embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innovtring adaptor 916 preferably is coupled to and supported by a 
15 conventional drill string support from a surface location. The innerstring 
adaptor 916 may be coupled to a conventional drill string support 971 by a 
threaded connection 970. 

The fluid passage 918 ia prrforably used to conv^ fluids and other 
materials to and from the apparatus 900. In a preferred embodiment, the fluid 
20 passage 918 is fluididy coupled to the fluid passage 952. Inapreferred 

embodiment^ the fluid passage 918 ia used to convey hardenable fluidic sealing 
materials to and from the apparatus 900. In a particular preferred 
embodimait» the fluid passage 918 may include one or more pressure relief 
passages (not iDustrated) to release fluid pressure during positioning of the 
25 apparatus 900 within a wellbore. In a prrferred embodiment, the fluid passage 
918 is positioned along a longitudinal oenterline of the apparatus 900. In a 
preferred embodiment, the fluid passage 918 is selected to permit the 
conveyance of hardenable fluidic materials at operating pressures ranging from 
about 0 to 9,000 psL 
30 The upper guide 920 is coupled to an upp^ portion of the support 

member 904, The upper guide 920 preferably is adapted to center the support 
member 904 within the tubular member 915. The upp^ guide 920 may 
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comprise any number of conventional guide members modified in accordance 
with the t enrh i Titp of the preset disclosure. In a preferred embodiment^ the 
upper guide 920 comprises an innerstiing ads^ter available from Halliburton 
Energy Services in Dallas, TX order to optimally guide the apparatus 900 
5 within the tubular member 915. 

The coupling 922 couples the support member 904 to the mandrel 906. 
The coupling 922 prrferably comprises a conventional tiireaded connection. 

The various elemients of the support m^nber 904 may be coupled using 
any number of conventional processes such as, for example, welding, threaded 
10 connections or machined from one piece. In a preferred embodiment, the 
various elements of the support memba 904 are coupled using threaded 
connections. 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower 
15 guide 934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 
942, an upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 
948, a guide 950, and a fluid passage 952* 

The retainer 924 is coupled to the lubricator mandrd 946, lubricator 
sleeve 948, and the rubber cup 926. The retainer 924 couples the rubber cup 
20 926 to the lubricator sleeve 948. The retainer 924 pretoabfy has a 
substantially annular cross-section. The retainer 924 ma^ comprise any 
number of conventional commerciaUy available retainers such as, for example, 
slotted spring lana orrall pin. 

The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
25 946, and the lubricator sleeve 948. The rubber cup 926 i^eveiita the entiy of 
fordgn materials into the interior region 972 of the tubular member 902 below 
the rubber cup 926. The rubber cup 926 may comprise any number of 
conventional conunadalty available rubber cups such as, for example, TP cups 
or Selective Injection Packer (SIP) cup. In a preferred embodiment, the rubber 
30 cup 926 comprises a SIP cup available from Halliburton Energy Services in 
Dallas, TX in order to optimally block fordgn mfltmala 
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In a particularJy preferred embodiment^ a body of lubricant is further 
provided in the.interior r^on 972 of the tubular member 902 in order to 
lubricate the interface between the exterior surface of the mandrel 902 and the 
interior surface of the tubular members 902 and 915. The lubricant may 
5 comprise any number of conventional commercially available lubricants such 
as, for example, Lubriplate, chlorine based lubricants, oil based lubricants or 
Climax 1500 Antiseize (3100). In a preferred embodiment^ the lubricant 
comprises Climax 1500 Antiseize (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide lubrication to 
10 fadliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the 
body of cement 932, the lower guide 934, the extension sleeve 936, the housing 
940, and the upper cone retainer 944. In a preferred embodiment, during 
operation of the apparatus 900, the tubular members 902 and 915 are extruded 
15 offof the outer surface of the expansion cone 928. In a preferred embodiment, 
axial movement of the expansion cone 928 is prevented by the lower cone 
retainer 930, housing 940 and the upper cone retainer 944. Inner radial 
movement of the expansion cone 928 is prevented by the bod|y of cement 932,. 
the housing 940, and the upper eone retainer 944. 
20 The expansion cone 928 preferably has a substahtially ftnnM|«r cross 

section. The outside diameter of the expansion cone 928 is preferably tapered 
to provide a cone shape. The wall thicknesa of the expansion cone 928 may 
range, for example^ from about 0.125 to 3 inches. In a preferred embodiment, 
the wall thidmeas of the expansion cone 928 ranges frum about 0.25 to 0.75 
25 inches in order to optimal^ provide adequate compressive strength 

minimal material. The maximum and mintmiifn outside diameters of tfie 
expansion cone 928 may range, for example, from about 1 to 47 inches. In a 
preferred embodiment, the maximum and mlnifniim outside diameters of the 
expansion cone 928 range from about 3.5 to 19 in order to optimally provide 
30 expansion of graerally available oilfield tubulars 

The expansion cone 928 may be fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
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tool Steel, titaaimn or low alloy steel. In a preferred embodiment^ the 
expansion cone 928 is fabricated froip tool steel in order to optimally provide 
high strength and abrasion resistance. The surface hardness of the outer 
surface of the expansion cone 928 may range, for examine, from about 50 
5 RockweUCtoTORockweUC. In a preferred embodiment, the surface hardness 
of the outer surface of the expansion cone 928 ranges from about 58 Rockwell C 
to 62 RockweUC in order to optimally provide hi^ yield strength. Ina 
preferred embodiment, the expansion cone 928 is heat treated to optimally 
provide a hard outer surface and a resilient interior bo4y in order to optimally 
10 provide abrasion resistance and fracture toughness. 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferabfy, the lower cone 
retainer 930 has a substantially annular cross-section. 
15 The lowar cone retainer 930 may be fabricated from any number of 

conventional conmierdally available materials such as, for example, ceramic, 
tool steel, titanium or low alloy steel. In a preferred embodiment, the lower 
cone retainer 930 is fabricated from tool steel in order to optimally provide high 
strength and abrasion resistance. The surface hardness of the outer surface of 
20 the lower cone retainer 930 may range, for example, bom about 50 RockweU C 
to 70 Rockwell C. In a preferred embodiment, the surface hardness of the outer 
surface of the lowv. cone retainer 930 ranges from about 58 RockweU C to 62 
RockweU C in order to optimally provide hi^ yield strength. Inapreferred 
embodiment, the lower cone retainer 930 is heat treated to optimally provide a 
25 hard outer surface and a resiUent interior body in order to optimally provide 
abrasion resistance and fracture toughness. 

In a preferred embodimmt, the lower cone retainer 930 and the 
expansion cone 928 are formed as an integral one-piece element in order reduce 
the number of components and increase the overall strength of the apparatus. 
30 The outer surface of the lower cone retainer 930 preferably mates with the 
imier surfaces of the tubular members 902 and 915. 
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The bo4y of cement 932 is positioned within the intoior of the mandrel 
906. The body of cement 932 provicles an inner bearing structure for the 
mandreI906. Thebody of cement 932 further m^y be tesifydriUed out using a 
conventional drill device. In this manner, the mandrel 906 may be easily 
5 removed using a conventional drilling device. 

The body of cement 932 may comprise any number of conventional 
commerdaUy available cement compounds. Alternatively, aluminum, cast iron 
or some other drillable metallic, composite, or aggregate material may be 
substituted for cement Thebo(fyofoement932prtferabfyhasa8ub8tantiaUy 
10 annular cross-section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 
940. During operation of the apparatus 900, the lower guide 934 preferably 
helps guide the movement of the mandrel 906 within the tubular membv 902. 
The lower guide 934 preferably has a substantially annular cross-section. 
15 The lower guide 934 may be fabricated from any number of conventional 

coounerciaUy available materials such as, for example, oilfield tubulars, low 
alloy steel or stainless steeL In a preferred embodiment, the lower guide 934 is 
fabricated bom low alloy steel in order to optimally provide high yield strength. 
The outer surface of the lower guide 934 preferably mates with the inner 
20 aurfaceof the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the 
housing 940. During operation of the apparatus 900, the extension sleeve 936 
preferably h^ guide the movment of the mandrel 906 within the tubular 
member902. The extension deeve 936 preferably has a substantially annular 
25 cross-section. 

The extension sleeve 936 may be falmcated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low aUqy steel or stainless SteeL In a preferred embodiment^ the 
extension sleeve 936 is Csbricated from low alloy steel in order to optimally 
30 provide high yield strength. The outer surface of the extension sleeve 936 

preferably mates with the inner surface of the tubular member 902 to provide a 
sliding fit In a preferred embodiment, the extension sleeve 936 and the lower 
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guide 934 are formed as an int^al one-piece element in order to minimize the 
number of cpn^nents.and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. Thespacer938 
preferably includes the fluid passage 952 and is adapted to mate with the 
5 extension tube 960 of the shoe 908. In this manner, a plug or dart can be 
conveyed from the suriiBce through the fluid passages 918 and 952 into the fluid 

passage962. Preferably, the spacer 938 has a substantiaUy annular cross- 
section. 

The spacer 938 may be fabricated from any number of conventional 
10 commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacor 938 is fabricated from aluminum 
in order to optimaUy provide drillability . The end of the spacer 938 prrferably 
mates with the end of the extension tube 960. In a preferred embodiment, the 
spacer 938 and the sealing sleeve 942 are formed as an integral one-piece 
15 element in order to reduce the number of components and increase the strength 
of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
operation of the apparatus 900, the housing 940 preferabliy prevents inner 
20 radial motion of the expansion cone 928. Frderab^, the housing 940 has a 
substantially annular croas^section. 

The housing 940 may be fabricated from any number of conventional 
commerdalty availaUe materials sudi as, for example, oilfield tubulars, low 
alloy steel or stainless steeL In a preferred embodiment, the housing 940 is 
25 fabricated from low alloy sted in order to optimally provide hi^^^ 
In a preferred embodiment, the lower guide 934, extension sleeve 936 and 
housing 940 are formed aa an integral one-faeoe element in ordo* to minimize 
the number of components and increase the strength of the apparatus. 
In a particularly preferred embodiment, the interior surface of the 
30 housing 940 includes one or more protrusions to fadliate the connection 
between the housing d40 and the body of cement 932. 
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The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer 944. During operation 
of the apparatus, the sealing sleeve 942 preferabty provides support for the 
mandrd 906. The sealing sleeve 942 is preferably coupled to the support 
5 member 904 using the coupling 922. Preferabfar, the sealing sleeve 942 has a 
substantially annular cross-section. 

The sealing sleeve 942 may be fabricated from any number of 
conventional oommerciaUy available materials such as, for example^ steel, 
aluminum or csst iron. In a preferred embodiment, the sealing sleeve 942 is 
10 fabricated from aluminum in order to optimal^ provide drillability of the 
sealing sleeve 942. 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or niore protrusions to fadliate the connection between 
the sealing sleeve 942 and the body of cement 932. 
15 In a particularly pr^enred embodiment, the spacer 938 and the sealing 

sleeve 942 are int^;rally formed as a one-piece elemrat in order to minimize the 
. number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the bo4y of cement 932. During operation of the 
20 apparatus 900, the upper cone retainer 944 preferably {advents axial motion of 
the expansion cone 928. Preferably, the upper cone retainer 944 has a 
substantiaUly annular crosB-eection. 

The upper cone retainer 944 may be fabricated from any numbor of 
conventional commerdaUy available ■wai-^nh such aa, for example, steel, 
25 aluminum or cast iron. In a prdTerred embodiment» the upper cone retainer 944 
is fabricatad frmn aluminum in onto to optimally provide drillability of the 
upper cone retainer 944. 

In a particularly preferred embodiment, the upper cone retainer 944 has 
a crosa-sectional shape designed to provide increased rigidity. In a particularly 
30 preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-iahaped to provide increased rigidity and minimize the 
amount of material that would have to be drilled out. 
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The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
. 926, the upper cone retainer 944, the lubricator sleeve 948. and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
5 interface between the mandrel 906 and the tubular member 902. Preferably, 
the lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for escample, steel, 
alu min u m or cast iron. In a preferred embodiment, the lubricator mandrel 946 
10 is fabricated from aluminum in order to optimally provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the uppa cone retainer 944, the lubricator 
sleeve 948, and the guide 950. During operation of the apparatus 900, the 
15 lubricator sleeve 948 preferabfy supports the rubber aq> 926. Preferably, the 
lubricator sleeve 948 has a substanttaUy annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commerdaUy available materials such as, for example, steel, 
aluminum or cast iron. In a preferred onbodiment, the lubricator sleeve 948 is 
20 fabricated fit>m aluminum in order to optimally provide drillability of the 
lubricator sleeve 948. 

As illustrated in Fig. 9c the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 in turn supports the rubber 
cup 926. The retainor 924 couples the rubber cup 926 to the lubricator sleeve 
25 948. In a preferred embodiment, seals 949a and 949b are provided between the 
lubricator mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to 
optimally seal off the interior region 972 of the tubidar member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
30 950 preferably guides the apparatus on the support manber 904. Preferably, 
the guide 950 has a substantialj|y annular cross-section. 
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The guide 950 may be fabricated from any number of conventional 
commercially available .matmals such as» for example, steel, aluminum or cast 
iron. In a preferred embodimmt, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
5 The fluid passage 952 is coupled to the mandrel 906. Quiing operation of 

the apparatus, the fluid passage 952 preferabfy conv^ hardenable fluidic 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particular^ preferred embodiment, 
the fluid passage 952 is adapted to convey hardenable fluidic matonoig at 

10 pressures and flow rate ranging from about 0 to 9,000 psi and 0 to 3,000 
gallonsAnin in order to optimally provide pressures and flow rates to displace 
and drcidate fluids during the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any 
niunber of conventional process such as, for example, threaded connections, 

15 welded connections or cementing. In a preferred embodiment, the various 
elements of the mandrel 906 are coupled using threaded connections and 
cementing. 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958^ an extmsion tube 960, a fluid passage 962, and one or more 
20 outlet jets 964. 

The housing 954 is coupled to the bo4y of cemoit 956 and the lower 
portion 914 of the tubular member 902. During operation of the apparatus 900, 
the housing 954 preferab^ ooufdea the lower portion of the tubular member 
902 to the shoe 908 to facflitate the extrusiim and positioning of the tubular 

25 manber902. Prrfgrah^, the hoimng 9&A Km a aiihatftntiAlly aimtilfty emoA^ 

section. 

The housing 954 may be fabricated from any numbo* of conventional 
commercially available matmalfl such as, for example, steel or aluminum. In a 
preferred embodiment, the housing 954 is fabricated from aluminum in order to 
30 optimally provide driUability of the housing 954. 
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In a partiCTiIariy preferred embodiment, the interior surface of the 
housing 954 includes one or more protrusions to fadiiate the connection 
between the body of cement 956 and the housing 954. 

The body of cement 956 is coupled to the housing 954, and the sealing 
5 sleeve 958. In a preferred embodiment, the composition of the body of cemoit 
956 is selected to permit the body of cement to be easi^ drilled out using 
conventional drilling machines and processes. 

The composition of the body of cement 956 may indude any number of 
conventional cement compositions. In an alternative embodiment, a dzillable 
10 material such as, for example aluminum or iron mqr be substitated for the 
body of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the 
extension tube 960, the fluid passage 962, and one or more outlet jeta 964. 
During operation of the apparatus 900, the sealing sleeve 958 preferably is 
15 ad^ted to convey a hardenable fluidic material from the fluid passage 952 into 
the fluid passage 962 and then into the outlet jets 964 in order to iiyect the 
hardenable fluidic material into an annular region eztenial to the tubular 
member 902. In a preferred embodiment, daring operation of the apparatus 
900, the sealing sleeve 958 further indudee an inkt geometxy that permits a 
20 conventional plug or dart 974 to become lodged in the inlet of the sealing sleeve 
958. In this manner, the fluid passage 962 n^y be blocked therein fluididy 
isolating the interior region 966 of the ^bular member 902. 

In a preferred emtwwtim ent, the sealing sleeve 958 has a substantially 
annular cross-section. The sealing sleeve 958 miry be fabricated from any 
25 number of conv^tional commerdally available materials such as, for example, 
steel, aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 
is fabricated from aluminum in ordtf to optimally provide drillability of the 
sealing sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
30 passage 962, and one or more ouUet jeta 964. During operation of the 
apparatus 900, the exfienaion tube 960 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 
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962 and then into the outlet jets 964 in order to inject the hardenable fluidic 
material into an annular region eartmial to the tubular member 902. In a 
preferred embodiment, during operation of the apparatus 900, the sealing 
sleeve 960 further includes an inlet geometiy that permita a conventional plug 
5 ordart974 to become lodged in the inlet of the sealing sleeve 958. In this 
manner, the fluid passage 962 is blocked thereby fluididy isolating the interior 
region 966 of the tubular member 902. In a preferred embodiment, one end of 
the extension tube 960 mates with one end of the spacer 938 in ord^ to 
optimaUy fadliaie the transfer of material between the two. 
10 In a preferred embodiment, the extension tube 960 has a substantially 

annular cross-section. The extension tube 960 may be fabricated from any 
number of conventional conunerdally available materials such as, for example, 
steel, aluminum or cast iron. In a prefinred embodiment, the extension tube 
960 is fabricated from aluminum in order to optimally provide drillability of the 
15 extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 
900, the fluid passage 962 is preferabfy conveys hardenable fluidic materials. In 
a preferred embodiment, the fluid passage 962 is positioned about the 
20 oenterline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 962 is adapted to convey hardenable fluidic tnaforiiiia at pressures 
and flow rate ranging from about 0 to 9,000 pu and 0 to 3,000 gaUona/min in 
order to optimal^ provide fluida at operationally efficient rates. 

The outlet jets 964 are coupled to the sealing sleeve 958, the extmsion 
25 tube 960, and the fluid passage 962. During operation of the apparatus 900, the 
outiet jets 964 prrferab^y oonv^ hardenable fluidic material from the fluid 
passage 962 to the region exterior of the apparatus 900. In a preferred 
embodiment, the shoe 908 includes a plurality of ouUet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled 
30 in the housing 954 and the bod7 of cement 956 in order to simplify the 
construction of the apparatus 900. 
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The various elements of the shoe 908 may be coupled using any number 
of conventional process such as, for example, threaded connections, cement or 
machined from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled using cement. 
5 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to ext^d a wellbore into a subterranean 
formation, a drill string is used in a well known manner to drill out material 
10 from the subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a 
particularly preferred anbodiment^ the apparatus 900 includes the tubular 
member 915. In a prrferred embodiment, a hardenable fluidic sealing 
15 hardraable fluidic sealing material is then pumped from a surface location into 
the fluid passage 918. The hardenable fluidic sealmg material then passes from 
the fluid passage 918 into the interior region 966 of the tubular member 902 
below the mandrel 906. The hardenable fluidic sealing material then passes 
from the intmor region 966 into the fluid passage 962. The hardmable fluidic 
20 sealing material then ezita the apparatus 900 via the outlet jets 964 and fills an 
annular region between the exterior of the tubular member 902 and the interior 
wall of the new section of the wellbore. Continued pumping of the hardenable 
fluidic sealing material causes the material to^ up at least a portion of the 
annular region. 

25 The hardenable fluidic sealing material is preferably pumped into the 

annular region at pressures and flow rates ranging, for example, from about 0 
to 5,000 psi and 0 to 1,500 gaUons^ain, respectively. In a preferred 
embodiment, the hardenable fluidic sealing material is pumped into the annular 
region at pressures and flow rates that are designed for the specific wellbore 

30 section in order to optimize the displacement of the hardenable fluidic sealing 
mat^al while not crekting high enough circulating pressures such that 
circulation might be lost and that could cause the wellbore to collapse. The 
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optimmn pfressures and flow rates are preferably determined using conventional 
empirical methods. ^ . • 

The hardenable fluidic sealing material may coniprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
5 as, for example, slag mix, cement or epo:^. In a prrferred enobodiment^ the 
hardenable fluidic sealing material comprises blended cements designed 
spedficaUy for the well section being lined available froih Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimiie 
10 operational di£Bculties during the displacement of the cement in the annular 
region. The optimimi composition of the blended cements is preferably 
determined using conventional empirical methods. 

The annular r^on preferably is filled with the hardenable fluidic sealing 
material in sufBdent quantities to ensure that, upon radial expansion of the 
15 tubular member 902, the annular region of the new section of the wellbore will 
be filled with hardenable material. 

Once the annular r^on has been adequate filled with hardenable 
fluidic sealing material, a plug or dart 974, or other similar device, preferably is 
. introduced into the fluid passage 962 thereby fluidtc|y isolating the interior 
20 region966of the tubular mencdber 902 fi^m the externsd annular In a 

preferred embodiment, a non hardoiable fluidic material is then pumped into 
the mterior region 966 causing the interior r^on 966 to pressurize. Ina 
particulai^ preferred embodiment, the plug or dart 974, or other similar device, 
preferab^ la introduced into the fluid passage 962 by introducing the i^ug or 
25 dart 974, or other similar device into the non hardeiiable fluidic mat In 
this manner, the amount of cured material within the interior of the tubular 
members 902 and 915 is minimised. 

Once the interior region 966 becomes sufiBdmtly pressurized, the 
tubular members 902 and 915 are extruded off of the mandrel 906. The 
30 mandrel 906 way be fixed or it may be expandable. During the extrusion 
process, the mandrel 906 is raised out.of the expanded portions of the tubular 



-54- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILDO/00245 



members 902 and 915 using the support member 904. During this extrusion 
process, the shoe 908 is preferably substantially stationaiy. 

The plug or dart 974 is preferabty placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 at a surface location 
5 in a conventional manner. The plug or dart 974 may comprise any number of 
conventional commmdal|y available devices for plugging a fluid passage such 
as, for example. Multiple Stage Cementer (MSG) latch-down plug, Omega latch- 
down plug or three-wiper latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the plug or 
10 dart 974 comprises a MSG latch-down plug available from Halliburton Energy 
Services in Dallas, TX. 

Afl;er placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic matmal is prefoably piunped into the interior region 966 at 
pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
15 3,000 gallons^nin in order to optimally extrude the tubular members 902 and 
915 ofiT of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will b^in when the 
pressure of the interior region 966 reaches approximate^ 500 to 9,000 psi. In a 
20 preferred embodiment, the extrusion ofthe tubular mjmnbers 902 and 915 off 
of the mandrel 906 begins when the pressure of the interior region 966 reaches 
^^proximately 1,200 to 8,500 psi with a flow rate of about 40 to 1250 
gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 5 fVsec. In a preferred embodimoit, during the 
extrusion process, the mandrel 906 is raised out of the expanded portions of the 
tubular members 902 and 915 at rates ranging from about 0 to 2 fl/sec in order 
to optimally provide pulling speed fast enough to permit ^dwt operation and 
30 permit full expansion of the tubular members 902 and 915 {vior to curing of the 
hardenable fluidic seating material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel the.puter surface of the upper end portion of the tubular 
member 915 wiD preferabib^ contact the interior surface of the lower end portion 
of the existing casing to form an fluid ti^t overlapping joint The contact 
5 pressure of the overlapping joint may range, for example, from approximately 
50 to 20,000 psL In a preferred embodimmt^ the contact pressure of the 
overl^yping joint between the upper end of the tubular member 915 and the 
existing section of wellbore casing ranges from approximately 400 to 10,000 psi 
in order to optimally provide contact pressure to activate the sealing members 
10 and provide optimal resistance such that the tubular member 915 and existing 
wellbore casing will carry typical tensile and compressive loads. 

In a preferred embodiment, the op^^ding pressure and flow rate of the 
non hardenable fluidic material will be controUabfy ramped down when the 
mandrd 906 reaches the upper end portion of the tubular member 915. In this 
15 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 915 off of the expandable mandrel 906 can be minimized. In a 
preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 906 has completed ai^iraximately all but about the 
20 last 5 feet of the extrusion process. 

In an alternative preferred embodiment^ the operating pressure and/or 
flow rate of the hardenable fluidic sealing material and/or the non hardenable 
fluidic material are controlled during all phases of the operation of the 
appantas 900 to minimise shock. 
25 Alternatively, or in combination, a shock absorber ia provided in the 

support member 904 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternative^, or in combination, a mandrd catching structure ia 
provided above the support membo' 904 in order to catch or at least decelerate 
30 the mandrel 906. 

Once the extrusion process is completed, the mandrel 906 is removed 
from the wellbore. In a preferred embodiment, either before or after the 
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removal of the mandrel 906, the iDtegrity of the fluidic seal of the overiapping 
joint between the upper portion of the tubular member 915 and the lower 
portion of the existing casing is tested using conventional methods. If the 
fluidic seal of the overi^ping joint between the upper portion of the tubular 
5 member 915 and the lower portion of the existing casing is satisfactory, Uien 
the uncured portion of any of the hardenable fluidic sealing material within the 
expanded tubular memba 915 is then removed in a conventional manner. The 
hardenable fluidic seating material within the annular region between the 
expanded tubular member 915 and the existing casing and new section of 
10 wellbore is then allowed to cure. 

Preferably any remaining cured hardenable fluidic sealing material 
within the interior of the expanded tubular membm 902 and 915 is then 
removed in a conventional manner using a conventional drill string. The 
resulting new section of casing preferabfy indudea the expanded tubular 
15 members 902 and 915 and an outer annular byer of cured hardCTable fluidic 
sealing material. The bottom portion of the apparatus 900 comprising the shoe 
908 may then be removed by drilling out the shoe 908 using conventional 
drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
20 necessaiy to remove the entire apparatus 900 firom the interior of the weUbore 
due to a malfunction. In this circumstance, a conventional drill string is used to 
drill out the interior sections of the apparatus 900 in order to facilitate the 
removal of the remaining sections. In a preferred embodiment, the interior 
elements of the ^yparatus 900 are fabricated from materials such as, for 
25 example, cement and aluminum, that permit a conventional drill string to be 
emplcqred to drill out the interior components. 

In particular, in a preferred embodiment, the composition of the interior 
sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
30 the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the 

housing 954, the bo<|y of cement 956, the sealing sleeve 958, and the extension 
tube 960, are selected to pmnit at least some of these components to be drilled 
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out using oonventioiial drilling methods and apparatus. In this manner, in the 
event of a malfimction downhole, the apparatus 900 may be easily removed 
from the wdlbore. 

RefezTing now to Figs. 10a, 10b, 10c, lOd, lOe, lOf, and 10g« method and 
5 apparatus for mating a tie-back Una in a wellbore wiU now ^ As 
illustrated in Fig. 10a, awellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 

The first casing 1004 prefoably includes a tubular liner 10O8 and a 
cement annulus 1010. The second casing 1006 preferabfy includes a tubular 
10 liner 1012 and a cement annuhis 1014. In a prefmred embodiment, the second 
casing 1006 is formed by expanding a tubular member substantially as 
described above with reference to Figs. l-9c or below with reference to Figi. 
lla-llf. 

In a particularly preferred embodiment, an upper portion of the fa^Wl^nr 
15 liner 1012 overlaps with a lower portion of the tubular liner 1008. In a 

particularly {deferred embodimrat, an outer surface of the upper portion of the 
tubular liner 1012 includes one more sealing members 1016 for providing a 
fluidic seal between the tubular liners 1008 and 1012. 

RefeningtoFig. 10b, in order to create a tie-back liner that eztmcb fitim 

20 the overliqp between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferah^ provided that includes an expandable mandrel or pig 11(05, a 
tubular member 1110, a shoe 1115, one or more cup aeab 1120, a fluid passage 
1130, a fluid paarags 1136, one or more fluid passages 1140, seab 1145, and a 
support member 1160. 

25 The wpendahle mandrel or pig 1 105 is coupled to and supported by the 

support member 1150. The expandable mandrd 1105 ia preferably adapted to 
GontroUaMy expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable 
mandrels modified in accordance with the teadiings of the fnesent disclosure. 

30 In a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat. No. 5,348,095, the 
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disclosure of vMcb is incorporated herein by reference, modified in accordance 
with the teaching of the present disclosure. 

The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubular member 1105 is expanded in the radial direction 
5 and extruded off of the expandable mandrel 1105. The tubular member 1110 
may be fabricated from any number of materials such as, for example. Oilfield 
Country Tubular Goods, 13 chromium tubing or plastic piping. In a preferred 
embodiment, the tubular member 1110 is fabricated from Oilfield Country 
Tubular Goods. 

10 The inner and outer diameters of the tubular member 1 110 may range, 

for example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the innw and outer diameters of ttie 
tubular member 1110 range from about 3 to 15.5 inches and 3.5 to 16 inches, 
respective^ in order to optimally provide coverage for typical oilfield casing 
15 sizes. The tubular member 1110 preferab^oomprisea a solid member. 

In a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, poforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
pref<mred embodiment^ the length of the tubular member 1110 is limited to 
20 minimize the possibility of buckling. For typical tubuldr memb^ 1110 
materials, the length of the tubular member 1110 is prefmdbly limited to 
between about 40 to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the 
tubular member 1110. The shoe 1115 includes the fluid passage 1135. The 
25 shoe 1115 may conqirise any nimiber of convrational commercially available 
shoes such as, for exan^>le. Super Seal II float shoe, Super Seal II Down-Jet 
float shoe or a guide shoe with a sealing sleeve for a latch down plug modified in 
accordance with the teachings of the preset disclosure. In a preferred 
embodiment, the shoe 1115 comprises an aluminum down-jet guide shoe with a 
30 sealing sleeve for a latch-down plug with side ports radiating off of the exit flow 
port available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimally 
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guide the tubular member 1100 to the overlap between the tubular member 
1100 and the casing 1012, optunally fluidic^ isolate the interior of the tubular 
member 1100 after the latdi down plug has seated, and optimally permit 
drilling out of the shoe 1115 after completion of the expansion and cementing 
5 operations. 

In a preferred embodiment^ the shoe 1115 includes one or more side 
outlet ports 1140 in fluidic communication with the fluid passage 1135. In this 
manner, the shoe 1115 ii^ecta hardenable ihddic sealing material into the 
region outside the shoe 1115 and tubular memba 1110. In a preferred 
10 embodiment, the shoe 1115 includes one or more of the fluid passages 1140 
each having an inlet geometry that can receive a dart and/or a ball sealing 
member. In this manner, the fluid passages 1140 can be sealed oiTby 
introducing a plug, dart and/or ball sealing elements into the fluid passage 
1130, 

15 The cup seal 1120 is coupled to and supported by the support member 

1150. The cup seal 1120 prevents foreign materials from entering the interior 
region of the tubular member 1110 adjacent to the expandable mandrel 1105. 
The cup seal 1120 may comprise any number of conventional commercially 
available cup seals such as, for example, TP cupe or Selective Injection Packer 
20 (SIP) cups modified in accordance with the teachings of the present disdoswe. 
In a preferred embodimrat, the cup seal 1120 comprises a SIP cup, available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
barrier to debris and contain a bo^y of hibricant 

The fluid passage 1130 pennits fluidic materials to be transported to and 
25 from the interior r^on of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 
1130 preferably extends from a position adjacent to the surface to the bottom of 
the expandable mandrel 1105. The fluid passage 1130 is preferably positioned 
30 along a cmterline of the apparatus 1100. The fluid passage 1130 is prefioably 
selected to transport materials such as cemrat, drilling mud or epoxies at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
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psi in order to optimally provide sufEdent operatmg pres8ures to circulate 
fluids at op^ratipnally dEdent rates. 

The fluid passage 1 135 permits fluidic materials to be transmitted from 
fluid passage 1130 to the interior of the tubular member 1110 below the 
5 mandrel 1105. 

The fluid passages 1 140 permits fluidic materials to be transported to 
and from the r^on estoior to the tubular monber 1110 and shoe 1115. The 
fluid passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
co mmun i catio n with the interior region of the tubular member 1110 below the 
10 expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the 
fluid passages 1140 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular membo* 1110 below the expandable 
mandrel 1105 can be fluididy isolated from the region exterior to the tubular 
15 member 1105. This permits the interior region of the tubular member 1110 
below the expandable mandrd 1105 to be pressurized. 

The fluid passages 1140 are preferabfy positioned along the periphery of 
the shoe 1115. The fluid passages 1140 are prrferably selected to convey 
materials such as cement, drilling mud or epoxiea at flow rates and pressures 
20 ranging fit>m about 0 to 3,000 gaUong^Eiinute and 0 to 9,000 psi in order to 
optimally fill the annular region between the tubular member 1110 and the 
tubular liner 1008 with fluidic materials. In a preferred embodiment, the fluid 
passages 1140 indude an inlet geom e tr y that can receive a dart and/or aball 
sealing member. Inthismanner, the fluid passages 1140 can be sealed ofi* by 
25 introducing a plug^ dart and/or baU sealing dements into the fluid passa^ 
1130. In a preferred embodiment, the apparatus 1100 indudes a plurahty of 
fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 indudes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a 
30 plug, or otha similar device, to permit the intarior region of the tubular 
member 1110 to be fluidicty isolated frt)m the eztmor of the tubular member 
1110. 
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The seals 1145 are coupled to and supported by a lower end portion of 
the tubular member 1110. The seals 1145 are further positioned on an outer 
surface of the lower end portion of the tubular member 1110. The aeab 1145 
permit the overlapping joint between the upper end portion of the casing 1012 
5 and the lower end portion of the tubular member 11 10 to be fluididy sealed 
The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the seals 1145 comprise seals molded from Stratalock epozy 
10 available from Halliburton Energy Services in Dallas, TX in order to optimally 
provide a hydraulic seal in the overlapping joint and optimaUy provide load 
carrying capacity to withstand the range of typical tensile and compressive 
loads. 

In a preferred embodiment, the seals 1145 are selected to optimally 
15 provide a sufBcient frictional force to support the expanded tubular member 
1110 frx)m the tubular liner 1008. In a preferred embodiment, the frictional 
force provided by the seals 1145 ranges from about 1,000 to 1,000.000 Ibf in 
tension and oomiffesaion in order to optimally support the expanded tubular 
member 1110. 

20 The support meaba 1150 is coupled to the expandable mandrd 1105, 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wdlbore 1000. In a preferred embodiment, the support 
member 1150 fiirther includes one or more conventional omtralizers (not 

25 illustrated) to hdp stabilize the tubular mend)er 1110. 

In a prtferredembodiment» a quantity of lubricant 1150 is provided in 
the annular region above the expandable mandrel 1105 within the interior of 
the tubular member 1110. In this manner, the extrusion of the tubular 
member 1110 oflf of the expandable mandrel 1105 is facilitated. The lubricant 

30 1150 may comprise any number of conventional commerdaUy available 

lubricants such as,, for example, Lubriplate, chlorine based lubricants or Climax 
1500 Antiseize (3100). In a preferred embodiment, the lubricant 1150 
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comprises Climax 1500 Antiseize (3100) available from Climax Lubricants and 
Equipment Co. in Howton^ TX in oi:der to optimaUy provide lubrication for the 
extrusion process. 

In a preferred embodiment, the su^wrt member 1150 is thorou^y 
5 cleanedpriortoassembly to the remaining portions of the apparatus 1100. In 
this manner, the introduction of foreign material into the apparatus 1100 is 
minimized. This minimizes the possibility of for«gn material clogging the 
various Qow passages and valves of the apparatus 1100 and to ensure that no 
foreign material intoferes with the expansion mandrel 1105 during the 
10 extrusion process. 

In a particularly prrferred embodiment, the I4>paratus 1100 includes a 
packer 1155 coupled to the bottom section of the shoe 1115 for fhiididy 
isolating the region of the wellbore 1000 below the apparatus 1100. In this 
manner, fluidic materials are prevmted from entoing the region of the 
15 wellbore 1000 below the apparatus 1100. The packer 1155 may comprise any 
number of conventional commerdally aivailable packers such aa, for example. 
EZ DriU Packer. EZ SV Packer or a drillable cement retainer. In a preferred 
embodiment, the packer 1155 comprises an EZ DriU Packer available from 
Halliburton Energy Services in Dallas, T3L In an alternative embodiment, a 
20 high gel strength pill may be set below the ti»>back in place of the packer 1155. 
In another alternative embodiment, the packer 1155 may be omitted. 

In a preferred embodimmt, before or after positioning the apparatus 
1100 within the wdlbore 1100, a couple of wdlbore vohunes are circulated in 
ordw to ensure that no foreign materials are located within the wdlbore 1000 
25 that might clog up the various flow passages and vahres of the apparatus 1100 
and to ensure that no foreign material interferes with the operation of the 
expansion mandrel 1105. 

As illustrated in Fig. lOc, a hardenable fluidic sealing material 1160 is 
then pumped from a surface location into the fluid passage 1130. The material 
30 1160 then passes from the fluid passage 1130 into the interior region of the 
tubular member lilO'below the expandable mandrel 1106. The material 1160 
then passes from the intmor region of the tubular member 1110 into the fluid 
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passages 1140. The material 1160 then exits the apparatus 1100 and fills the 
annular region between the exterior of the tubular member 1110 and the 
interior wall of the tubular liner 1008. Continued pumping of the material 1160 
causes the material 1160 to fill up at least a portion of the annular region. 
5 The material 1160 may be pimiped into the annular region at pressures 

and flow rates ranging, for example, bom about 0 to 5,000 psi and 0 to 1,500 
gallonsAnin, respectively. In a preferred embodiment, the material 1160 is 
pumped into the annular r^on at pressures and flow rates specifically 
designed for the casing sizes being run, the annular spaces being filled, the 
10 pumping equipment available, and the properties of the fluid being pumped. 
The optimum flow rates and pressures are preferably calculated using 
conventional empirical methods. 

The hardenable fluidic sealing matmal 1160 may comprise any number 
of conventional conunerdaliy available hardenable fluidic sealing materials such 
15 as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material 1160 comprises blmded cements specifically 
designed for well section being tied-back, available firom Halliburton Energy 
Services in Dallas, TX in order to optimaUy provide proper support for the 
tubular member 1110 while mmntiiifiiTig optimum flow characteristics so as to 
20 minimise operational difficulties during the displacement of cement in the 
annular region. The optimum blend of the blnded cements are preferably 
determined using conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, 
25 the annular region will be filled with material 1160. 

As illustrated in Fig. lOd, once the «nniil«f region has been adequately 
filled with material 1160, one or more plugs 1165, or other similar devices, 
preferably are introduced into the fluid passages 1140 thereby fluididy isolating 
the interior region of the tubular member 1110 from the nnimlAr region 
30 external to tiie tubular member 1110. In a preferred embodiment, a non 
hardenable fluidic material 1161 is then pumped into the interior region of the 
tubular member 1110 below the mandrel 1105 causing the interior region to 

-64. 

SUBSTITUTE SHEET (RULE 26) 



wo oom43i 



PCT/IL00/OO24S 



pressurize. In a particularly preferred embodiment, the one or more plugs 
1165, or oth& similar devices, are introduced into the fluid passage 1140 with 
the introduction of the non hardmafale fluidic material. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular 
5 member lllO is minimized. 

As illustrated in Fig. lOe, once the interior region becomes suflidently 
pressurized, the tubular member 1110 is extruded ofi^oCthe expandable 
mandrel 1105. During the extrusion process, the expandable mandrel 1105 is 
raised out of the expanded portion of the tubular member 1110. 
10 The plugs 1165 are preferably placed into the fluid passages 1140 by 

introducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1165 may comprise any number of 
conventional commercially available devices from plugging a fluid passage such 
as, for exanqde, brass balls, plugs* rubber balls, or darts modified in aooordance 
15 with the teachings of the present disclosure. 

In a preferred embodiment^ the plugs 1165 compriaB low density rubber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latdi down dart 

After placment of the plugB 1165 in the fluid passages 1140, the non 
20 hardenable fluidie material 1161 is preferably pumped into the interior region 
of the tubular member 1110 below the mandrel 1105 at pressures and flow 
rates ranging from approximate^ 500 to 9,000 pai and 40 to 3,000 gailonsAnin. 
In a preferred embodiment, after plaoement of the iduff 1165 in the fluid 
passages 1140, the non hardmable fluidic material 1161 is preferabfy pumped 
25 into the interior region of the tubular member 1110 below the mandrel 1105 at 
pressures and flow rates ranging from approximatdy 1200 to 8500 psi and 40 to 
1250 gallona/min in order to optimal](y provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin whai the pressure of the 
30 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psi. In a preferred embodiment, the 
extrusion of the tubular member 1110 ofi'of the expandable mandrel 1105 
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begma when the pressure of the interior region of the tubular member 1110 
below the qiandrei XICW reaches approximately 1200 to 8500 psi. 

During the ertruaion process, the expandable mandrel 1105 may be 
raised out of the expanded portion of the tubular member 11 10 at rates 
5 ranging, for exaiX4>le. from about 0 to 5 fl/sec. In a prefmed embodiment, 
during the extrusion process, the expandable mandrel 1 105 is raised out of the 
expanded portion of the tubular member 1110 at rates ranging from about 0 to 
2 Waec in order to optimally provide permit a^fustment of operational 
parameters, and optimaUy ensure that the extrusion process ¥iall be completed 
10 before the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubular 
member 1110 has an internal diameter less than the outside diameter of the 
mandrd 1105, In this manner, when the mandrel 1105 expands the section 
1180 of the tubular member 1110, at least a portion of the expanded section 
15 1180 effects a seal with at least the wellbore casing 1012. In a particularly 
prefOTed embodiment^ the seal is effected by compressing the seals 1016 
between the expanded section 1180 and the wellbore casing 1012. In a 
preferred embodiment, the contact pressure of the joint between the expanded 
section 1180 of the tubular member 1110 and the casing 1012 ranges from 
20 about 500 to 10,000 psi in order to optimally provide pressure to active 
sealing members 1145 and provide optimal resistance to ensure that the joint 
wiU withstand typical extremes of tensile and compressive loads. 

In an alternative (veferred embodimmt, substantially all of the entire 
length of the tubular m«nber 1110 has an tntemal diamet« leas than the 
25 outside diameter of the mandrd 1105. In this manner, extrusion of the tubular 
member 1110 by the mandrel 1105 results in contact between sufastantiaUy all 
of the expanded tubular member 1110 and the existing casing 1008. In a 
preferred embodiment, the contact pressure of the joint between the expanded 
tubular member 1110 and the casings 1008 and 1012 ranges from about 500 to 
30 10,000 psi in order to optimally provide pressure to activate the sealing 
membm 1145 and prbvide optimal resistance to ensure that the joint wiU 
withstand typical extremes of tensile and compressive loads. 
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In a preferred embodiment, the operating pressure and flow rate of the 
material 11^1 is controUably ramped down when the opandabie mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressiu^ caused by the complete extrusion of the tubular 
5 member 1 110 off of the expandable mandrel 1105 can be minimized. In a 
preferred embodiment, the operating pressure of the fluidic w^yti>ri!»^ 1161 is 
reduced in a substantiaUy linear fashion from 100% to aliout 10% during the 
end of the extrusion process beginning when the mandrel 1105 has completed 
approximately all but about 5 feet of the extrusion process. 
10 Alternatively, or in combination, a shock absorber is provided in the 

support manbo' 1150 in order to absorb the shock caused by the sudden release 
of pressure. 

Alternatively, or in combination, a mandrel catching structure is 
provided in the upper end portion of the tubular member 1110 in order to catch 

15 or at least decelerate the mandrel 1105. 

Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrd 
1105, the integrity of the fluidic seal of the joint between the upper portion of 

20 the tubular member 1110 and the upper portion of the tubular liner 1108 is 
tested using conventional methods. If the fluidic seal of the joint between the 
upper portion of the tubular member 1110 and the upper portion of the tubular 
liner 1008 is satisfactoiy, then the uncured portion of the material 1160 within 
the expanded tubular member 1110 is then removed in a conventional manner. 

25 The material 1160 within the annular region between the tubular mraiber 1110 
and the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. lOf, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back 

30 liner of casing 1170 includes the expanded tubular member 1110 and an outer 
annular layer 1175 of cured niaterial 1160. 
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As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising th^ shoe 1115 and packer 1156 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods. 

In a particularly preferred embodimoit, the apparatus 1100 incorporates 
5 the apparatus 900. 

Referring now to Pigsrila-11^ axi embodiment of an apparatus and 
metiiod for hanging a tubulfiff liner off of an existing wellbore casing will now be 
described. As illustrated in Pig. 11a, a wellbore 1200 is positioned in a 
subterranean formation 1205. The weUbore 1200 includes an existing cased 
10 section 1210 having a tubular casing 1215 and an annular out9 layer of cement 
1220. 

In order to extend the wellbore 1200 into the subterranean formation 
1205, a drill string 1225 is used in a well known manner to drill out material 
from the subterranean formation 1205 to form a new section 1230. 
15 As illustrated in Fig. llb» an ^)paratu8 1300 for forming a wellbore 

casing in a subterranean formation is thn positioned in the new section 1230 
of the weUbore 100. The apparatus 1300 preferably includes an expandable 
mandrel or pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, 
a fluid passage 1330, a fluid passage 1335, seals 1340, a support member 1345, 
20 and a wiper plug 1350. 

The expandable mandrel 1305 is coupled to and supported by the support 
m«nba'1345. The.expandable mandrel 1305 is preferably adapted to 
oontroUab^ expand in a radial direction. The expandable mandrel 1305 may 
comprise ai^ nuniber of convutional commmially available expand^ 
25 mandrds modified in accordance with the teachings of the preset disclosure. 
In a preferred embodiment^ the expandable mandrel 1305 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. PaL No. 5,348,095, the 
disclosure of which is incorporated herein by reference, modified in accordance 
with the tearhings of the present disclosure. 
30 The tubular membor 1310 is coupled to and supported the expandable 

mandrel 1305. The tubular member 1310 is preferablty expanded in the radial 
direction and extruded off of the expandable mandrd 1305. The tubular 
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member 1310 may be fabricated from any number of materials such as, for 
example, Oilfieia Country Tybular Goods (OCTG), 13 chromium steel 
tubing/casing or plastic casing. In a preferred embodiment, the tubular 
member 1310 is fabricated from OCTG. The inner and outer diameters of the 
5 tubular member 1310 may range, for example, fi^m approximately 0.75 to 47 
inches and 1.05 to 48 inches, respectively. In a preferred embodiment, the 
inner and outer diameters of the tubular membo* 1310 range from about 3 to 
15.5 inches and 3.5 to 16 inches, respective^ m order to optamaUy provide 
minimal telescoping efifect in the most commonly encountered wellbore sizes. 
10 In a prderred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1365. In a 
preferred embodiment, the >wall thickness and outer diameter of the upper 
portion 1355 of the tubular member 1310 range from about 3/8 to 1 inches 
and 3 V& to 16 inches, respectively. In a preferred embodiment^ the wall 
15 thickness and outer diameter of the intermediate portion 1360 of the tubular 
member 1310 range from about 0.625 to 0.75 inches and 3 to 19 inches, 
respectively. In a preferred embodiment, the wall thickness and outer 
diameter of the lower portion 1365 of the tubular member 1310 range from 
about 3/8 to 1.5 inches and 3.5 to 16 inches, respectivety. 
20 In a particularly preferred embodiment, the outer diameter of the lower 

portion 1365 of the tubular member 1310 is significantly less than the outer 
diameters of the upper and intermediate portions, 1355 and 1360, of the 
tubular membv 1310 in order to optimize the formation of a concentric and 
overlai^ing arrangCTirat of wellbore casings. In this manner, as will be 
25 descril)ed below with reference to Ftgs. 12 and 13, a wellhead syst^ 

optimally provided. In a preferred enibodimttt^ the formation of a wellhead 
system does not indude the use of a hardenable fluidic material. 

In a particular^ prrferred embodiment^ the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less than or equal to 
30 the wall thickness of the upper and lowo* sections. 1355 and 1365, of the 
tubular member 1310 in order to optimally fadliate the initiation of the 
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ertrusion process and optimally permit the placement of the apparatus in areas 
of the wellbore having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
preferred embodiment, the upper end portion 1355 of the tubular jnember 1310 
5 is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibiUty of buckling. For typical tabular member 1310 materials, the length 
of the tubular member 1310 is preferably limited to between about 40 to 20,000 
10 feet in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 m^ comprise 
any number of conventional commercially available shoes such as, for example, 
Super Seal 11 float shoe. Super Seal II Down^et float shoe or guide shoe with a 
15 sealing sleeve for a latch-down plug modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the shoe 1315 comprises 
an aluminum down-jet guide shoe with a sealing sleeve for a tetch-down plug 
available firom Halliburton Energy Savices in Dallas, TX, modified in 
accordance with the tfarhingH of the present disclosure in order to optimally 
20 guide the tubular member 1310 Into the weUbore 1200; optimally fluididy 
isolate the interior of the tubular member 1310. and optimally permit the 
complete drill out of the shoe 1315 upon the completion of the extrusion and 
cementing operations. 

In a preferred embodimoit, the shoe 1316 ftirther includes one or more 
25 side ouUet ports in fluidic communication with the fluid passage 1330. In this 
manner, the shoe 1315 pref<nab|y iiuects hardenable fluidic sealing material 
into the region outside the shoe 1315 and tubular member 1310. In a preferred 
embodiment, the shoe 1315 includes the fluid passage 1330 having an inlet 
geometry that can receive a fluidic sealing member. In this manntt» the fluid 
30 passage 1330 can be sealed off by introducing a plug, dart and/or batt sealing 
elements into the fluid passage 1330. 
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The fluid passage 1320 pennits fluidic materials to be transported to and 
from the interior ngtou of the tabular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 
5 1320 preferabiy extends from a position acUacent to the surface to the bottom of 
the expandable mandrel 1305. The fluid passage 1320 is preferably positioned 
along a centerline of the apparatus 1300. The fluid passage 1320 is preferably 
selected to transport materials such as cement^ drilling mud, or epoxies at flow 
rates and pressures ranging from about 0 to 3,000 gallona^ninute and 0 to 9»000 
10 psi in order to optimally provide su£Scient operating pressures to circulate 
fluids at operationally eflSdent rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
fit>m the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
15 communication with the interior region 1370 of the tubular member 1310 below 
the expandable mandrel 1305. The fluid passage 1330 prtferab|y has a cross- 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this 
manner, the interior region 1370 of the tubular member 1310 below the 
20 expandable mandrel 1305 can be fluididy isolated from the region exterior to 
the tubular member 1310. This permits the interior region 1370 of the tubular 
member 1310 below the expandable mandrel 1305 to be pressurized. The fluid 
passage 1330 is prrferably positioned substantially along the centerline of the 
apparatus 1300. 

25 The fluid passage 1330 is preferably sdected to convey materials such as 

cement, drilling mud or epoxies at flow rates and pressures ranging from about 
0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the 
annular region between the tubular member 1310 and the new section 1230 of 
the wellbore 1200 with fluidic materials. In a preferred fflibodiment, the fluid 

30 passage 1330 indudes an inlet geometry that can recdve a dart and/or a ball 
sealing member. In t&is manner, the fluid passage 1330 r«n be sealed o(rby 



-71- 

SUBSTITUTE SHEET (RULE 26) 



WO00n7431 



PCT/ILOO/00245 



introducing a plug, dart and/or ball sealing elements into the fluid passage 
1320. 

The fluid passage 1335 permits fluidic mataials to be transported to and 
bom the region exterior to the tubular member 1310 and shoe 1316. The fluid 
5 passage 1335 ia coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is 
preferably positioned substantially along the centerlihe tDf the apparatus 1300. 
The fluid passage 1335 is preferably selected to convey mnto^nia such as 
cement, drilling mud or epozies at flow rates and pressures ranging from about 
10 0 to 3,000 gaUona/minute and 0 to 9,000 pai in order to optimally fill the 

annular region between the tubular member 1310 and the new section 1230 of 
the wellbore 1200 with fluidic materials. 

The seals 1340 are coupled to and supported by the upper end portion 
1355 of the tubular mendber 1310. The seals 1340 are further positioned on an 
15 outer sutfEice of the upper end portion 1355 of the tubular m«nbCT 1310. The 
seals 1340 permit the ov6rliq>ping joint between the lower end portion of the 
casing 1215 and the upper portion 1355 of the tubular member 1310 to be 
fluidicly sealed The seals 1340 may comprise any number of conventional 
commerdally available seals sudi as, for example, lead, rubber, Teflon, or epoxy 
20 seals modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment, the seals 1340 comprise seals molded from Stratalock 
epozy available from Halliburton Energy Services in Dallas, TX in ord& to 
optimally provide a hydraulic seal in the annulus of the overlapping joint while 
also creating optimal load bearing capability to withstand typical tensile and 
25 compressive loads. 

In a preferred embodiment, the seals 1340 are selected to optimally 
provide a sufficient fiictional force to support the expanded tubular member 
1310 firom the existing casing 1215. In a preferred embodiment^ the frictional 
force provided by the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in 
30 order to optimally support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seats 1340. The support member 1345 
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preferably comprises an annular member having sufficient strength to carry the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment^ the support member 1345 further include one or more 
conventional centralizers (not iUuatrated) to help stabilize the tubular member 
5 1310. 

In a preferred embodiment, the support member 1345 is thoroughly 
cleaned prior to assembly to the remaining portions of the apparatus 1300. In 
this manneXy the introduction of foreign material into the apparatus 1300 is 
minimiz<Hi , This minimigea the possibility of foreign material dogging the 
10 various flow passages and valves of the apparatus 1300 and to ensure that no 
foreign material interferes with the expansion process. 

The wipa plug 1350 is coupled to the mandrel 1305 within the interior 
r^on 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wip« plug 1350 
15 may comprise one or more conventional commercially available wiper plugs 
such as, for example, Multiple Stage Cementer latch-down plugs. Omega latch* 
down plugs or three-wiper latch-down plug modified in accordance with the 
teachings of the present disclosure. In a preferred raibodiment, the wiper plug 
1350 conq>rise8 a Multiple Stage Cementer latch-down plug available from 
20 Halliburton Energy Services in Dallas, TX modified in b conventional manner 
for releasable attachment to the expansion mandrel 1305. 

In a preferred embodiment, before or after positioning the apparatus 
1300 within the new section 1230 of the wellbore 1200, a couple of wellbore 
volumes are circulated in order to ensure that no foreign materials are located 
25 within the wellbore 1200 that might clog up the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes 
with the extrusion process. 

As illustrated in Fig. lie, a hardenable fluidic sealing material 1380 is 
then pumped from a surface location into the fluid passage 1320. The material 
30 1380 then passes from the fluid passage 1320, through the fluid passage 1375, 
and into the interipr region 1370 of the tubular member 1310 below the 
expandable mandrel 1305. The material 1380 then passes from the interior 

.73- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/IL0O/0O24S 



region 1370 into the fluid passage 1330. The material 1380 then exits the 
apparatus 1300 via the fluid passage 1335 and fills the annular region 1390 
between the exterior of the tubular member 1310 and the interior wall of the 
new section 1230 of the wellbore 1200. Ck)ntinued pumping of the material 
5 1380 causes the material 1380 to fill up at least a portion of the annular region 
1390. 

The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, firom about 0 to 5000 pai and 0 to 
1,500 gallona/min, respectively. In a preferred embodiment, the material 1380 
10 is pumped into the annular region 1390 at pressures and flow rates ranging 
from about 0 to 5000 psi and 0 to 1,500 gallons/knin, respectively, in ordw to 
optimally fill the annular region between the tubular member 1310 and the new 
section 1230 of the wellbore 1200 with the hardenaUe fluidic sealing material 
1380. 

15 The hardenaUe fluidic sealing material 1380 ma^ comprise any number 

of conventional oommerdaUy available hardenable fluidic sealing materials such 
as, for example, slag mix, cement or epaxy. In a prrferred onbodiment, the 
hardenable fluidic sealing material 1380 comprises blended cements designed 
spedfically for the wdl section being drilled and available from Halliburton 
20 Energy Services in order to optimaUy provide support Ibr the tubular member 
1310 during displacement of the material 1380 in the annular region 1390. The 
optimum blend of the ceawant ia preferabfy determined using conventional 
empirical methods. 

The annular region 1390 preferably is filled with the material 1380 in 
25 sufiident quantitiea to ensure that, upon radial expansion of the tubular 
member 1310, the annular region 1390 of the new section 1230 of the wellbore 
1200 will be filled with material 1380. 

As iUustrated in Fig. lid. once the annular r^on 1390 has been 
adequately filled with matorial 1380, a wiper dart 1395, or other similar device, 
30 is introduced into the fluid passage 1320. The wiper dart 1395 is preferably 
pumped through the fluid passage 1320 by a non hardenable fluidic material 
1381. The wiper dart 1395 then preferably engages the wiper plug 1350. 
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As illustrated in Pig. lie, in a preferred embodiment, engagement of the 
wiper dart 1395. with tibe wiper plug 1350 causes the wiper plug 1350 to 
decouple from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 
then preferably will lodge in the fluid passage 1330, thereby blocking fluid flow 
5 throu^ the fluid passage 1330, and fluididy isolating the interior region 1370 
of the tubular member 1310 from the annular region 1390, In a preferred 
embodiment, the non hardenable fluidic material 1381 is then pumped into the 
interior region 1370 causing the interior region 1370 to pressurize. Once the 
interior region 1370 becomes sufficiently pressurized, the tubular member 1310 
10 is estruded off of the expandable mandrel 1305. During the extrusion process, 
the expandable mandrel 1305 Ib raised out of the expanded portion of the 
tubular member 1310 by the support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
introducing the wiper dart 1395 into the fluid passage 1320 at a surface location 
15 in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commerdally available devices from plugging a fluid passage such 
as, for example. Multiple Stage Cementer latch-down plugs. Omega latch*down 
plugs or three wiper latch-down plu^dart modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the wiper dart 
20 1395 comprises a three wiper latch-down plug modified to latch and seal in the 
Multiple Stage Cementer latch down plug 1350. The three wiper latch-down 
plug is available firom Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and 
wiper dart 1395, the non hardenable fluidic material 13S1 may be pumped into 
25 the interior region 1370 at pressures and flow rates ranging, for example, fit}m 
approximately 0 to 5000 pei and 0 to 1,500 gallonaAnin in order to optimally 
extrude tiie tubular member 1310 off* of the mandrel 1305. In this manner, the 
amoimt of hardenable fluidic material within the interior of the tubular 
member 1310 is minimized. 
30 In a preferred embodiment, after blocking the fluid passage 1330, the 

non hardenable fluidic material 1381 is preferably pumped into the interior 
region 1370 at pressures and flow rates ranging from approximately 500 to 
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9,000 psi and 40 to 3,000 gallona/min in order to optimally provide operating 
pressures to axaintain the ezpaiisioi^. process at rates sufficient to permit 
adjustments to be made in operating parameters during the extrusion process. 
For typical tubular members 1310, the extrusion of the tubular member 
5 1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, ^^proximately 500 to 9,000 psi. In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
expandable mandrel 1305 is a function of the tubular member diameter, wall 
thiclmess of the tubular monber, geometry of the mandrel, the type of 
10 lubricant^ the conqxmitiion of the shoe and tubular member, and the yield 
strength of the tubular member. The optimum flow rate and opmting 
pressures are preferably determined using conventional empirical methods. 

During the extrusion process, the expandable mandrel 1305 may be 
raised out of the expanded portion of the tubular member 1310 at rates 
15 ranging, for example, firom about 0 to 5 ft/sec. In a preferred embodiment, 
during the extrusion process, the expandable mandrel 1305 m^ be raised out of 
the expanded portion of the tubular member 1310 at rates ranging fit>m about 0 
to 2 ft/sec in order to optimal^ provide an efficient process, optimal^ permit 
operator aiQustment of operation parametos, and ensure optimal completion of 
20 theextnisionprocessbeforecuringof the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is 
extruded off of the expandable mandrel 1305, the outer surface of the upper end 
portion 1355 of the tubular membo^ 1310 will preferabfy contact the interior 
surface of the lower end portion of the casing 1215 to form an fluid ti^t 
25 overiapping joint The contact pressure of the owlapping joint may range, for 
example, from approximately 50 to 20,000 psL In a preferred embodiment, the 
contact pressiure of the overlapfring joint ranges from approximate^ 400 to 
10,000 psi in order to optimally provide contact pressure 8uCBci»t to ensure 
annular sealing and provide enough resistance to withstand typical tensile and 
30 con^nessive loads. In a particularly pr ef erred embodiment, the sealing 
members 1340 will, ensure an adequate fluidic and gaseous seal in the 
overlapping joint 
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In a preferred embodiment, the operating pressure and flow rate of the 
non hardenable. fluidic material 1381 is conCroUably ramped down when the 
expandable mandrel 1305 reaches the upper end portion 135S of the tubular 
member 1310. In this manner, the sudden release of pressure caused by the 
5 complete extrusion of the tubular memba- 1310 off of the expandable mandrel 
1305 can be minimiz ed. In a preferred embodiment^ the operating pressure is 
reduced in a substantiaUy linear fashion from 100% to about 10% during the 
end of the extrusion process b^^inning when the mandrel 1305 has completed 
approximately all but about 5 feet of the extrusion process. 
10 Alternatively, or in combination, a shock absorber is provided in the 

support m^nber 1345 in order to absorb the shock caused by the sudden release 
of pressure. 

Altemattve(y, or in combination, a mandrel catching structure is. 
provided in the upper end portion 1355 of the tubular member 1310 in order to 
15 catch or at least decelerate the mandrel 1305. 

Once the extrusion process is conqdeted, the expandable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodiment, either before or 
after the removal of the expandable mandrel 1305, the integrity of tiie fluidic 
seal of the overlapping joint between the upp^ portion 1355 of the tubular 
20 member 1310 and the lower portion of the casing 1215 is tested using 

conventional methods. If the fluidic seal of the overiapping joint between the 
upper portion 1356 of the tubular member 1310 and the lower portion of the 
casing 1215 ia satiafoctory, then the uncured portion of the material 1380 
within the expanded tubular member 1310 is then removed in a conventional 
25 manner. The matmal 1380 within the annular region 1390 is then allowed to 
cure. 

As illustrated in Pig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new 
30 section of casing 1400 includes the expanded tubular member 1310 and an 
outer annular layer l405 of cured nmtmal 305. The bottom portion of the 
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apparatus 1300 comprifling the shoe 1315 may then be removed by drilling out 
the shoe 1315 using conventional drilling methods. 

Referring now to Figs. 12 and 13, a preferred embodiment of a wellhead 
system 1500 formed using one or more of the apparatus and processes desoibed 
5 above with reference to Figs. Mlf wiD be described The wellhead system 1500 
preferably includes a conventional Christmas tree/drilling spool assembly 1505, 
a thick wall casing 1510, an annular b«^y of cement 1515, an outer casing 1520, 
an annular body of cement 1525, an intermediate casing 1530, and an tnn^ 
casing 1535. 

10 The Christmas tree/drilling spool assembly 1505 may comprise any 

number of conventional Christmas tree/drilling spool assemblies sudi as, for 
example, the SS-15 Subsea Wellhead System, Spool Tree Subsea Production 
System or the Compact Wellhead System available from suppliers such as Dril- 
Quip, Cameron or Breda, modified in accordance with the »io»^ h in e i of the 
15 present disclosure. The drilling spool assembly 1505 is preferably operably 
coupled to the thick wall casing 1510 and/or the outer casing 1520. The 
assembly 1505 may be coupled to the thick wall casing 1510 and/or outer casing 
1520, for example, by welding, a threaded connection or made from single stock. 
In a preferred embodiment, the ass^nbly 1505 is coupled to the thick wall 
20 casing 1510 and/or outer casing 1520 by welding. 

The thick wall casing 1510 is positioned in the upper ^d of a wellbore 
1540. In a preferred embodiment, at least a portion of the thick wall casing 
1510 extends above the surface 1545 in order to optimally provide easy access 
and attachment to the Christmas tree/drilling spool assembly 1505. The thick 
25 wall casing 1510 is preferably coupled to the Chriatmaa triig/drilling «pnnl 
assttnbfy 1505, the annular bo^y of cement 1515, and the outer casing 1520. 

The thick wall casing 1510 may comprise any number of conventional 
commercial^ ovaflable hi|^ strength wellbore **^ffingp such as, for enn4)le, 
Oilfidd Country Tubular Goods, titanium tubing or stainless sted^ In a 
30 preferred embodiment, the thick wall casing 1510 ooniprises Oilfield Country 
Tubular Goods available firom various foreign and domestic steel mills. In a 
preferred anbodiment, the thick wall casing 1510 has a yield strength of about 
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40,000 to 135,000 pai in order to optiinally provide mmm um burst, collapse, 
and tensile strengths. In a preferred embodimeDt, the thick wall casing 1510 
has a failure strength in excess of about 5,000 to 20,000 psi in ord^ to 
optimally provide maTimnm operating capacity and resistance to d^radation of 
5 capacity aft» being drilled through for an extended time period. 

The annular body of cement 1515 provides support for the thick wall 
casing 1510. The annular bo4y of cemat 1515 may be provided using any 
number of conventional processes for forming an annular body of cemmt in a 
wellbore. The annular boc^ of cement 1515 may comprise any number of 

10 conventional cement mixtures. 

The outer casing 1520 is coupled to the thick wall casing 1510. The outer 
casing 1520 m^y be fabricated from any number of conventional commerdally 
available tubular m«aber8 modified in accordance with the tj^^Mwtp, of the 
present disclosure In a preferred embodiment, the outer casing 1520 comprises 

15 any one of the expandable tubular m^nbers described above with reference to 
Pigs. Mlf. 

In a preferred embodiment, the outer casing 1520 is coupled to the thick 
wall casing 1510 by expanding the outer casing 1520 into contact with at least a 
portion of the interior surface of the thick wall casing 1510 using any one of the 

20 embodimrata of the processes and apparatus described above with referrace to 
Figs. 1-1 If. In an alternative embodiment, substantial^ all of the overli^ of the 
outer casing 1520 with the thick wall casing 1510 contacts with the interior 
surface of the thi^ wall casing 1510. 

The contact pressure of the interface between the outer casing 1520 and 

25 the thick wall casing 1510 may range, for example, from about 500 to 10,000 
psi. In a preferred embodimenti the contact pressure between the outer casing 
1520 and the thick waU casing 1510 ranges from about 500 to 10,000 psi in 
order to optimally activate the pressure activated fymii^g members and to 
ensure that the overlapping joint will optimally withstand typical extremes of 

30 tensile and compressive loads that are experienced during drilling and 
production operations. 
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As illustrated in Fig. 13, in a particularly preferred embodiment^ the 
upper end of the outer casing 1520 includes one or more sealing members 1550 
that provide a gaseous and fluidic seal between the expianded outer casing 1520 
and the interior wall of the thick wall casing 1510. The sealing members 1550 
5 may comprise any number of conventjonal commgraally Avgilnhlp wjalff ^t\rh aa. 
for example, lead, plastic, rubber. Teflon or epozy, modified in accordance with 
the teachings of the present disclosure. In a prrferred embodiment, the sealing 
members 1550 comprise seals molded from StrataLock epoxy available from 
Halliburton Energy S^vices in order to optimally provide an hydraulic seal and 
10 a load bearing interference fit between the tubular members. In a preferred 
embodiment, the contact pressure of the interface between the thick wall casing 
1510 and the outer casing 1520 ranges from about 500 to 10,000 psi in order to 
optimally activate the seating members 1550 and also optimally ensure that the 
joint will withstand the typical operating extremes of tensile and compressive 
15 loads during drilling and production operations. 

In an alternative preferred embodiment, the outer casing 1520 and the 
thick walled casing 1510 are combined in one unitary member. 

The annular body of cement 1525 provides support for the outer casing 
1520. In a prrferred embodiment^ the annular bo^y of cement 1525 is provided 
20 using any one of the embodiments of the apparatus and processes described 
above with reference to Figs. 1-llf. 

The intermediate casing 1530 may be coupled to the outer casing 1520 or 
the thick wall casing 1510. In a preferred embodiment^ the intermediate casing 
1530 is Goupled to the thick wall casing 1510. The intermediate casing 1530 
25 may be fiaJbricated from any number of conventional commercially available 
tubular mmbera modified in aocordanoe with the teachings of tt&e present 
disclosure. In a preferred embodiment, the intermediate casing 1530 comprises 
any one of the expandable tubular members described above with reference to 
Figs. Mlf. 

30 In a preferred embodiment, the intermediate casing 1530 is coupled to 

the thick wail casing 1510 by expanding at least a portion of the intermediate 
casing 1530 into contact with the interior surface of the thick wall casing 1510 
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using any one of the processes and apparatus described above with reference to 
Pigs. 1-llf In an alternative preferred embodiment, the entire length of the 
overlap of the intermediate casing 1530 with the thick wall casing 1510 contacts 
the inner surface of the thick wall casing 1510. The contact pressure of the 
5 interface between the intermediate casing 1530 and the thick wall casing 1510 
may range, for example from about 500 to 10,000 psi. In a preferred 
embodiment, the contact pressure between the intermediate casing 1530 and 
the thick waU casing 1510 ranges from about 500 to 10,000 psi in order to 
optimally activate the pressure activated sealing members and to optimally 
10 ensure that the joint will withstand typical operating eactremea of tensQe and 
compressive loads experienced during drilling and prodaction operations. 

As illustrated in Fig. 13, in a particularly preferred onbodiment, the 
upper end of the intermediate casing 1530 includes one or more sealing 
members 1560 that provide a gaseous and fluidic seal between the expanded 
15 end of the intermediate casing 1530 and the interior wall of the thick wall 
casing 1510. The sealing members 1560 may comprise any number of 
conventional conunerdally available seals such as, for example, plastic, lead, 
rubber. Teflon or epoxy, modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the sealing members 1560 
20 comprise seals molded from StrataLock epoxy availabte fitim HaUiburton 
Energy S^ces in order to optimally provide a hydraulic seal and a load 
bearing interference fit between the tubular members. 

In a prefored embodiment, the contact presstire of the interface between 
the expanded end of the intermediate casing 1530 and the thick wall casing 
25 1510 ranges from about 500 to 10,000 pei in order to optimally activate the 
sealing members 1560 and also optimally ensure that the joint will withstand 
typical operating extremes of tensile and compressive loads that are 
experienced during driUing and production operations. 

The inner casing 1535 may be coupled to ihe outer casing 1520 or the 
30 thick wall casing 1510. In a preferred embodiment, the inner casing 1535 is 
coupled to the thick wall casing 1510. The inner casing 1535 may be fabricated 
from any number of conventional comm^dally available tubular members 
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modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment,, the iimer ca3ing .l535 comprises any one of the 
expandable tubular membm described above with reference to Figs. 1-llf. 

In a preferred embodiment, the inner *Hiqiwg 1535 is coupled to the outer 
5 casing 15220 by expanding at least a portion of the inner casing 1535 into 
contact with the intmor surface of the thidi wall casing 1510 using any one of 
the processes and apparatus described above with reference to Figs. 1-llf. In 
an alternative preferred embodiment^ the entire length of the overlap of the 
inner casing 1535 with the thick wall casing 1510 and intermediate casing 1530 
10 contacts the inner surfaces of the thick wall casing 1510 and intermediate 
casing 1530. The contact pressure of the interface between the inner casing 
1535 and the thick wail casing 1510 may range, for example from about 500 to 
10,000 psi. In a preferred embodiment, the contact pressure between the inner 
casing 1535 and the thick wall casing 1510 ranges from about 500 to 10,000 psi 
15 in order to optimally activate the pressure activated sealing members and to 
ensure that the joint will withstand typical extremes of t^sile and compressive 
loads that are commonly experienced during drilling and production operations. 

As illustrated in Fig. 13, in a particularly preferred embodiment, the 
upper end of the inner casing 1535 includes one or more sealing members 1570 
20 that provide a gaseoua and fluidic seal between the expanded end of the inner 
casing 1535 and the interior wall of the thick wall casing 1510. The sealing 
members 1570 rn^y* comprise any number of conventional commercially 
available seals such aa, for example, lead, plastic, rubber. Teflon or epoxy, 
modifiedinaccordance with the teachings of the present disdosure. In a 
25 preferred embodiment, the sealing m&aobexs 1570 comprise seals molded from 
StrataLock epoi^r available from Halliburton Energy Services in order to 
optimally provide an hydraulic seal and a load bearing interference fit In a 
preferred embodiment, the contact pressure of the interface betwemi the 
expanded end of the inner casing 1535 and the thick wall casing 1510 ranges 
30 &t)m about 500 to 10,000 psi in order to optimally activate the sealing members 
1570 and also to optimaUy ensure that the joint will withstand typical operating 
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extremes of tensile and compressive loads that are experienced during drilling 
and production operations. 

In an alternative embodiment, the inner casings, 1520, 1530 and 1535, 
may be coupled to a previously positioned tubular member that is in tiim 
5 coupled to the outer casing 1510. More generally, the present preferred 
embodinmts may be used to form a concentric arrangement of tubular 
members. 

Referring now to Figures 14a, 14b, 14c, 14d, 14e and 14f, a preferred 
embodiment of a method and apparatus for forming a mono-diameter well 
10 casing within a subterranean formation will now be described. 

As illustrated in Fig. 14a, a weUbore 1600 is positioned in a subterranean 
formation 1605. A first section of casing 1610 is formed in the wellbore 1600. 
The first section of casing 1610 includes an annular outer body of cement 1615 
and a tubular section of casing 1620. The first section of casing 1610 may be 
15 formed in the wellbore 1600 using conventional methods and apparatus. In a 
preferred embodiment, the first section of casing 1610 is formed using one or 
more of the methods and c^paratus described above with reference to Figs. 1-13 
or below with reference to Figs. 14b-17b. 

The annular bo<i^ of cement 1615 may comprise any number of 
20 conventional commercially available cement, or other load bearing, 
compositions. Alternatively, the body of cement 1615 may be omitted or 
replaced with an epoiy mixture. 

The tubular section of casing 1620 preferably includes an upper end 1625 
and a lower end 1630. Preferab^, the lower end 1625 of the tubular section of 
25 casing 1620 indudea an outer anmiiAr recess 1635 extmding firom the lower 
end 1630 of the tubular section of casing 1620« In this manner, the lower end 
1625 of the tubular section of casing 1620 includes a thin walled section 1640. 
In a preferred embodiment, an annular boc^y 1645 of a compressible material is 
coupled to and at least partially positioned within the outa annular recess 
30 1635. In this manner, the body of oonqxressible material 1645 surrounds at 
least a portion of the thin walled section 1640. 
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The tubular section of casing 1620 may be fabricated from any number of 
conventional commercially available, materials such aa, for example, oilfield 
country tubular goods, stainless steel, automotive grade steel, carbon steel, low 
aOoy steel, fiber^ass or plastics. In a preferred embodiment, the tubular 
5 section of casing 1620 is fabricated from oilfield country tubular goods available 
from various foreign and domestic steel mills. The wall thickness of the thin 
waUed section 1640 may range from about 0.125 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the thin walled section 1640 ranges from 
0.25 to 1.0 inches in order to optimaUy provide burst strength for typical 
10 operational conditions while also minimizing resistance to radial expansion. 
The axial length of the thin walled section 1640 may range fitim about 120 to 
2400 inches. In a preferred embodiment, the axial length of the thin walled 
section 1640 ranges from about 240 to 480 inches. 

The annular body of compressible material 1645 helps to minimize the 
15 radial force required to expand the tubular casing 1620 in the overlap with the 
tubular member 1715, helps to create a fluidic seal in the overlap with the 
tubular member 1715, and helps to create an interference fit sufiBdent to 
permit the tubular member 1715 to be supported by the tubular casing 1620. 
The a nnular bo4y of compressible material 1645 may comprise any number of 
20 commercially available compressible materials such as,' for example, epoxy, 
rubber, Teflon, plastics or lead tubes. In a preferred embodiment, the annular 
boc^ of con^nressible material 1645 oomprisea StrataLodc epoxy available from 
Halliburton Energy Servioea in order to optimaUy provide an l^ydraulic seal in 
the overl^ped joint alao having oompUanoe to ther^ minimize the 
25 radial force required to expand the tubular casing. The wall thickness of the 
annular body of conqnreasible material 1645 may range from about 0.05 to 0.75 
inches. In a pnimed embodiment» the wall thiVlm aaa of the annular body of 
compressible material 1645 ranges from about 0.1 to 0.5 inches in order to 
optimally provide a large compressible zone, minimize the radial forces required 
30 to expand the tubular casing, provide thtrlnio«M for casing strings to provide 
contact with the inner surface of the wellbore upon radial expansion, and 
provide an hydraulic seal. 
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As illustarated in Fig. 14b, in order to extend the wellbore 1600 into the 
subterranean fonnation 1606, a dril}. string is used in a well known manner to 
drill out material from the subterranean formation 1605 to form a new wellbore 
section 1650. The diameter of the new section 1650 is preferably equal to or 
5 greater than the inner diameter of the tubular section of casing 1620. 

As illustrated in Fig. 14c, a preferred embodiment of an apparatus 1700 
for forming a mono-diameter wellbore casing in a subterranean formation is 
then positioned in the new section 1650 of the wellbore 1600. The apparatus 
1700 preferably includes a support member 1705, an expandable mandrel or pig 
10 1710, a tubular member 1715, a shoe 1720, slips 1725, a fluid passage 1730, one 
or more fluid passages 1735, a fluid passage 1740, a first compressible annular 
bodly 1745, a second compressible annular body 1750, and a pressure chamber 
1755- 

The support member 1705 supports the ^)paratus 1700 within the 
15 wellbore 1600. Hie support member 1705 is coupled to the mandrel 1710. the 
tubular member 1715, the shoe 1720, and the slips 1725. The support member 
1075 preferably comprises a substantially hoUow tubular member. The fluid 
passage 1730 is positioned witiiin the support member 1705. The fluid passages 
1735 fluidity couple the fluid passage 1730 with the pressure chamber 1755. 
20 The fluid passage 1740 fluididy couples the fluid passage 1730 with the region 
outside of the apparatus 1700. 

The support member 1705 may be fabricated from any numb^ of 
conventional commeraally available materials such as, for example, oilfield 
country tubular goods, stainless steel, low allqy steel, carbon steel, 13 chromium 
25 steel, fibergiass, or other high strength materials. In a preferred embodiment, 
the support member 1705 is frdbricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally 
provide operational strength and fadliate the use of other standard oil 
exploration h a n dlin g equipment In a preferred embodimut, at least a portion 
30 of the support member 1705 comprises coiled tubing or a drill pipe. In a 
particularly preferred embodiment, the support member 1705 includes a load 
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shoulder 1820 for supporting the mandrel 1710 when the pressure chamber 
1755 is unpressurizeid. 

The mandrel 1710 is supported by and slidingly coupled to the support 
member 1705 and the shoe 1720, The mandrel 1710 preferably indudes an 
5 upper portion 1760 and a lower portion 1765, Preferably, the upper portion 
1760 of the mandrel 1710 and the support msnber 1705 together define the 
pressure chamber 1755. Preferably, the lower portion 1765 of the mandrel 
1710 indudes an expansion member 1770 for radiaUy expanding the tubular 
member 1715. 

10 In a preferred embodiment, the upper portion 1760 of the mandrel 1710 

indudes a tubular member 1775 having an inner diameter greater than an 
outer diameter of the support member 1705. In this manner, an <»"nMlwr 
pressure chambw 1755 is defined by and positioned between the tabular 
member 1775 and the support member 1705. The top 1780 of the tubular 
15 member 1775 preferably indudes a bearing and a seal for sealing and 

supporting the top 1 780 of the tubular mraiber 1776 against the outer surface 
of the support member 1705« The bottom 1785 of the tubular mahber 1775 
preferably indudes a bearing and seal for sealing and supporting the bottom 
1785 of the tubular memJber 1775 against the outer surface of the support 

20 member 1705 or shoe 1720. In this manner, the mandrel 1710 moves in an 
axial direction upon the pressurization of the pressure chamber 1755. 

The lower portion 1765 of the mandrd 1710 preferab^ indudes an 
expansion member 1770 for radially expanding the tubular member 1715 
duringthepressurizatianof the pressure chamber 1755. In a preferred 

25 embodiment, the expansion member is expandable in the radial direction. In a 
preferred embodiment, the inner surface of the lower portion 1765 of the 
mandrel 1710 mates with and slides with respect to the outer surface of the 
shoe 1720. The outer diameto* of the expamdon member 1770 may range firom 
about 90 to 100 % of the inner diameter of the tubular casing 1620. In a 

30 preferred embodiment, the outv diameter of the expansion member 1770 
ranges from about.95 to 99 % of the inner diameter of the tubular casing 1620. 
The expansion member 1770 may be fabricated firom any number of 
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conventional commercially available materials such as, for example, machine 
tool steel, ceramics, tungsten carbide, titanium or other high strength alloys. In 
a preferred embodiment, the expansion member 1770 is fabricated from D2 
machine tool steel in order to optimally provide high strength and abrasion 
5 resistance. 

The tubular member 1715 is coupled to and supported by the support 
member 1705 and slips 1725. The tubular member 1715 includes an upper 
portion 1790 and a lower portion 1795. 

The upper portion 1790 of the tubular member 1715 preferably includes 
10 an inner annular recess 1800 that extends from the upper portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the upper portion 
1790 of the tubular member 1715 includes a thin walled section 1805. The first 
compressible annular member 1745 is preferably coupled to and supported fay 
the outer surfiioe of the upper portion 1790 of the tubular member 1715 in 
15 opposingrelationtothe thin wall section 1805. 

The lower portion 1795 of the tubular member 1715 preferably includes 
an outer annular recess 1810 that extends bom the lower portion 1790 of the 
tubular member 1715. In this manner, at least a portion of the lower portion 
1795 of the tubular member 1715 includes a thin walled section 1815. The 
20 second compressible annular member 1750 is coupled to and at least partially 
supported within the outer annular recess 1810 of the upper portion 1790 of the 
tubular member 1715 in opposing relation to the thin wall section 1815. 

The tubular member 1715 may be fabricated from any number of 
conventional conunerdally available wi«tiiT-i«i|iy such as, for example, oilfield 
25 countiy tubular goods, stainless sted, low all^y steel, carbon steel, automotive 
grade steel, fiberglass, 13 chrome steel, othw hi^ strengtii nmterial, or high 
strength plastics. In a preferred embodimenti the tubular member 1715 is 
fabricated fit>m oilfield countzy tubular goods available from various foreign 
and domestic sted mills in ord« to optimally provide opoational strength* 
30 The shoe 1720 is supported by and coupled to the support member 1705. 

The shoe 1720 prefersbly comprises a substantially hollow tubular member. In 
a preferred embodiment, the wall *JnVirT^<*fMy of the shoe 1720 is greater than the 
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wail thickpess of the support member 1705 in order to optimally provide 
increased radial support to the xnandrel 1710. The shoe 1720 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield countzy tubular goods, stainless steel, automotive- grade steel, 
5 low alloy steel, carbon steel, or high strength plastics. In a preferred 
embodiment, the shoe 1720 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in order to optimally 
provide matching operational strength throughout the apparatus. 

The slips 1725 are coupled to and supported by the support member 
10 1705, The sUps 1725 removably support the tubular member 1715. In this 
manner, during the radial expansion of the tubular member 1715, the slips 
1725 help to mamtflm the tubular member 1715 in a substantially stationary 
position by preventing upward movement of the tubular member 1715. 

The slips 1725 may comprise any number of conventional commercially 
15 available slips such as, for example, RTTS packer tungsten carbide mechanical 
slips, RTTS packer wicker type mechanical slips, or Model 3L retrievable bridge 
plug tungsten carbide upper mechanical slips. In a preferred embodiment, the 
slips 1725 comprise RTTS packer tungsten carbide medianical slips available 
from Halliburton Energy Services. In a prefored embodiment, the slips 1725 
20 are adapted to support axial forces ranging from about 0 to 750,000 Ibf. 

Hie fluid passage 17S0 convqfs fluidic materials from a surface location 
into the interior of the support member 1705, the pressure chamber 1755, and 
the region exterior of the apparatus 1700, The fluid passage 1730 ia fludidy 
coupled to the pressure chamber 1755 by the fluid passages 1735. The fluid 
25 passage 1730 is fluidicty coupled to the region exterior to the apparatus 1700 by 
the fluid passage 1740. 

In a preferred embodiment, the fluid passage 1730 is adapted to convey 
fluidic materials such as, for example, cement, epoxy, drilling muds, slag mix, 
water or drilling gasses. In a preferred embodiment, the fluid passage 1730 is 
30 a d a p t ed to convey fluidic materials at flow rate and pressures ranging from 
about 0 to 3,000 galloiWminute and 0 to 9,000 psi. in order to optimally provide 
flow rates and operational pressures for the radial expansion processes. 
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The fluid passages 1735 convey fluidic material from the fliiid passage 
1730 to the pressure chamber 1755. In a preferred embodiment^ the fluid 
passage 1735 is adapted to convey fluidic materials such as, for example, 
cement, epo^, drilling muds» wat» or drilling gasses. In a preferried 
5 embodiment, the fluid passage 1735 is adapted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 500 gallons/minute and 0 to 
9,000 pai. in order to optimally provide operating pressures and flow rates for 
the various ezpanaion procteses. 

The fluid passage 1740 conveys fluidic materials from the fluid passage 
10 1730 to the region exterior to the apparatus 1700. In a preferred embodiment, 
the fluid passage 1740 is adapted to convey fluidic materials such as, for 
example, cement, epos^, drilling muds, wato* or drilling gasses. In a preferred 
embodiment, the fluid passage 1740 is adi^ted to convey fluidic materials at 
flow rate and pressures ranging from about 0 to 3,000 gallona/minute and 0 to 
15 9,000 psi. in order to optimally provide operating pressures and flow rates for 
the various radial expansion processes. 

In a preferred embodiment, the fluid passage 1740 is adapted to receive a 
plug or other similar device for sealing the fluid passage 1740. In this manner, 
the pressure chamber 1755 may be pressurized. 
20 The first compressible annular body 1745 is coupled to and supported by 

an exterior surface of the upper portion 1790 of the tubular member 1715. In a 
preferred embodiment, the first compressible a)ffn"lftr bo<|y 1745 is positioned 
in opposing relation to the thin walled section 1805 of the tubular member 
1715. 

. 25 The first compressible ftTifmlAr bo^y 1745 helps to minimize the radial 

force required to eaq>and the tubular meoiber 1715 in the overli^ 
tubular casing 1620, helps to create a fluidic seal in the overlap with the tubular 
casing 1620, and hdps to create an interference fit sufficient to permit the 
tubular member 1715 to be supported fay the tubular nn^ing 1620. The first 
30 compressible annular body 1745 may comprise any number of oonunerdalfy 
available oompresaible materials such as, for example, epaxj, nUtiber, Teflon, 
plastics, or hollow lead tubes. In a preferred embodiment* the first 
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conqiressible annular bo^ 1745 comprises StrataLock epo^ available from 
Halliburtoi^ Energy Services in order to optimally provide an hydraulic seal, 
and compressibility to minimize the radial expansion (broe. 

The wall thickness of the first conqiressible annular body 1745 may 
5 range from about 0.05 to 0.75 inches. In a preferred embodiment, the wall 
thickness of the first compressible annular body 1745 ranges from about 0.1 to 
0.5 inches in order to optimally (1) provide a large compressible zone, (2) 
minimize the required radial expansion force, (3) transfer the radial force to the 
tubular casings. As a result, in a preferred embodiment, overall the outer 

10 diametCT of the tubular member 1715 is approximately equal to the overall 
inner diameter of the tubular member 1620. 

The second compressible annular body 1750 is coupled to and at least 
partially supported within the outer annular recess 1810 of the tubular member 
1715. In a preferred embodiment, the second compressible annular body 1750 

15 is positioned in opposing relation to the thin walled section 1815 of the tubular 
member 1715. 

The second compressible annular body 1750 helps to minimize the radial 
force required to expand the tubular member 1715 in the overlap with another 
tubular member, helps to create a fluidic seal in the overiap of the tubular 

20 member 1715 with another tubular member, and helps to create an interCorence 
fit sufficient to permit another tubular member to be supported by the tubular 
membw 1715. The second conqiressible «nnnlflr bo4y 1750 may comprise any 
numbv of commerctaUy available compressible materials audi as, for example, 
epozy, rubber, Teflon, plastics or hollow lead tubing. In a p r efe rred 

25 embodiment, the first compressible annidar bo4y 1750 comprises StrataLock 
epozy available firom Halliburton Energy Services in order to optinuily provide 
an hydraulic seal in the overlapped joint, and compressibility that minimizes 
the radial expansion force. 

The wall thicknesfl of the second compressible annular bo^y 1750 may 

30 range fit)m about 0.05 to 0.75 inches. In a preferred embodiment, the wall 
thickness of the second compressible annular body 1750 ranges from about 0.1 
to 0.5 inches in order to optimally provide a large compressible zone, and 
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minimiz e the radial force required to expand the tubular member 1715 during 
subsequent radial ezpansioii operations. 

In an alternative embodiment^ the outside diameter of the second 
compressible ann u lar bodjr 1750 is adapted to provide a seal against the 
5 surrounding formation thereby eHfni'Tm»i«g the need for an outer annular body 
of cement 

The pressure chamber 1755 ia fludidy coupled to -the fluid passage 1730 
by the fluid passages 1735. The pressure chamber 1755 is preferably adapted to 
receive fluidic materials such as, for example, drilling muds, water or drilling 
10 gases. In a prefored enibodiment, the pressure chamber 1755 is adapted to 
receive fluidic materinls at flow rate snd fn^ssures ranging firom about 0 to 500 
gallons/minute and 0 to 9,000 psi. in order to optimally provide expansion 
pressure. In a preferred en4)odim«it, during pressurization of the pressure 
chamber 1755. the operating pressure of the pressure diamber ranges firom 
15 about 0 to 5,000 psi in order to optimaUy provide expansion pressure while 
minimizing the possibility of a catastrophic faflure due to over pressurization. 

As illustrated in Fig. 14d, the apparatus 1 700 is preferably positioned in 
the weUbore 1600 with the tubular member 1715 positioned in an overlapping 
relationship with the tubular casing 1620. In a particulariy preferred 
20 embodiment, the thin wall sections, 1640 and 1805, of the tubular casing 1620 
and tubular member 1725 are positioned in opposing overlapping relation. In 
this manner, the radial expansion of the tubular member 1725 will compress 
the thin wall sections, 1640 and 1805, and annula r compressible members, 1645 
and 1745, into intimate contact 
25 After positioning of the apparatus 1700, a fluidic material 1825 is then 

pumped into the fluid passage 1730. The fluidic material 1825 may comprise 
any number of conventional commercially available materials such as, for 
example, wator, drilling mud, drilling gases, cemmit or epoxy. In a prrferred 
embodiment, the fluidic material 1825 comprises a hardenable fluidic sealing 
30 material sudi as, for example, cement in order to provide an outer annular body 
around the expanded tubular member 1715. 
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The fluidic material 1825 may be pumped into the fluid passage 1730 at 
operattng pressures and flow rates, for example, ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. 

The fluidic material 1825 pumped into the fluid passage 1730 passes 
5 through the fluid passage 1740 and outside of the apparatus 1700. The fluidic 
material 1825 fills the annular r^on 1830 between the outside of the 
apparatus 1700 and the interior walk of the wellbore 1600. 

As illustrated in Pig; 14e, aplug 1835 is then introduced into the fluid 
passage 1730. The plug 1835 lodges in the inlet to the fluid passage 1740 
10 fluididy isolating and blocking off the fluid passage 1730. 

A fluidic material 1840 is then pumped into the fluid passage 1730. The 
fluidic material 1840 may comprise any number of conventional commeraally 
available materials such as, for example, water, drilling mud or driUing gases. 
In a preferred embodiment, the fluidic material 1825 comprises a non- 
15 hardenable fluidic material such aa, for example, drilling mud or drilling gases 
in order to optimally provide pressurization of the pressure chamber 1755. 

The fluidic material 1840 may be pumped into the fluid passage 1730 at 
operatingpreBsuresandflowrateBranging, for example, from about 0 to 9,000 
psi and 0 to 500 gallona/kninute. In a preferred embodiment, the fluidic 
20 matmal 1840 is pumped into the fluid passage 1730 at operating pressures and 
flow rates ranging fit>m about 500 to 5,000 psi and 0 to 500 gallons/minute in 
order to optimally provide operating pressures and flow rates for radial 
expansion* 

The fluidic material 1840 pumped into the fluid passage 1730 passes 
25 through the fluid passages 1735 and into the pi«8urediamberl7M^ 
Continued pumping of the fluidic material 1840 presBurizes the pressure 
chamber 1755. The pressurization of the pressure chamber 1755 causes the 
mandrel 1710 to move relative to the support member 1705 in the direction 
indicated by the arrows 1845. In this manner, the mandrel 1710 will cause the 
30 tubular member 1715 to expand in the radial direction. 

During the radial expansion process, the tubular memb« 1715 is 
prevented from moving in an upward direction by the sUps 1725. A length of 
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tiie tubular member 1715 is then expanded in the radial direction through the 
pressuiizatipn of the pressure chamber 1755. The length of the tubular 
memb^ 1715 that is expanded during the expansion process will be 
proportional to the stroke length of the mandrel 1710. Upon the completion of 
5 a stroke, the operating pressure of the pressure chamb^ 1755 is then reduced 
and the mandrel 1710 drops to it rest position with the tubular member 1715 
supported by the mandrel 1715, The position of the support member 1705 may 
be adjusted throughout the radial expansion process in order to inajn^^^n the 
overlapping relationship between the thin walled sections, 1640 and 1805, of 
10 the tubular casing 1620 and tubular member 1715. The stroking of the 

mandrel 1710 is then repeated, as necessaiy, until the thin walled section 1805 
of the tubular member 1715 is expanded into the thin walled section 1640 of the 
tubular casing 1620. 

In a preferred embodiment, daring the final stroke of the mandrel 1710, 
15 the slips 1725 are positioned as dose as possible to the thin walled section 1805 
of the tubular member 1715 in order minimize slippage between the tubular 
member 1715 and tubular casing 1620 at the end of the radial expansion 
process. Alternatively, or in addition, the outside diameter of the first 
compressive annular member 1745 is selected to ensure sufficient interference 
20 fit with the tubular casing 1620 to prevent axial displacement of the tubular 
member 1715 during the final stroke. Alternatively, or in addition, the outside 
diameter of the second compressive annular bo^y 1750 is large enough to 
provide an interferoice fit with the inside walls of the wellbore 1600 at an 
earlier point in the radial expansion process so as to prevrat further axial 
25 displacementof the tubtdar member 1715. In this final alternative, the 
interference fit is preferably selected to permit expansion of the tubular 
member 1715 by pulling the mandrel 1710 out of the wellbore 1600, without 
having to pressurize the pressure chamber 1755. 

During the radial expansion procesSi the pressurized areas of the 
30 apparatus 1700 are limited to the fluid passages 1730 within the support 
member 1705 and (he pressure chamber 1755 within the mandrel 1710. No 
fluid pressure acts directly on the tubular member 1715. This permits the use 
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of operating pressures higher than the tubular member 1715 could normally 
withstand. 

Once the tubular member 1715 has been completely expanded off of the 
mandrd 1710, the support member 1705 and mandrel 1710 are removed firom 
5 the wellbore 1600. In a preferred embodiment^ the contact pressure between 
the deformed thin wall sections, 1640 and 1805, and compressible annular 
members, 1645 and 1745, ranges from about 400 to 10,000 pai in order to 
optimally support the tubular member 1715 using the tubular casing 1620. 

In this manner, the tubular member 1715 is radially expanded into 
10 contact with the tabular casing 1620 by pressurizing the interior of the fhiid 
passage 1730 and the pressure chamber 1755. 

As illustrated in Fig. 14f, in a preferred embodiment, once the tubular 
member 1715 is complete^ expanded in the radial direction by the mandrel 
1710, the support member 1705 and mandrel 1710 are removed from the 
15 wellbore 1600. In a preferred embodiment, the awifvlgr bo4y of hardenable 
fluidic material is then allowed to cure to form a rigid outer onTnilar bod[y 1850. 
In the case where the tubular member 1715 is slotted, the hardenable fluidic 
material will preferably permeate and envelop the eqnnded tubular member 
1715. 

20 The resulting new section of wellbore casing 1855 includes the expanded 

tubular mesnber 1715 and the rigid outer annular bo^y 1850. The overiapping 
joint 1860 between the tubular casing 1620 and the expanded tubular member 
1715 includes the drformed thin wall sections, 1640 and 1805, and the 
compressible annular bodies, 1645 and 1745. The inner diamet^ of the 

25 resulting combined vrellbore casings is substantiaUy constant. In this manner, 
a mono-diameter vrellbore casing is formed. This process of expanding 
overli^ping tubular m^nbers having thin wall &xd portions with compressible 
annular bodies into contact can be repeated for the entire length of a wellbore. 
In this manner, a mono-diameter wellbore casing can be provided for thousands 

30 of feet in a subterranean formation. 

Referring now Co Figures 15, 15a and 15b, an embodiment of an 
apparatus 1900 for expanding a tubular member will be described. The 
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apparatus 1900 preferably mdudes a driUpipe 1905, an izmerstring adapter 
1910, a sealing sleeve 1915, an inner sealing mandrel 1920, an upper sealing 
head 1925, a lower sealing head 1930, an outer sealing Inandrel 1935, a load 
mandrel 1940, an expansion cone 1945, a mandrel launcher 1950, a mechanical 
5 slip body 1955, mechanical slips 1960, drag blocks 1965, casing 1970, and fluid 
passages 1975, 1980, 1985, and 1990. 

The drillpipe 1905 is coupled to the innerstring adulter 1910. During 
operation of the q)paratu8 1900, the driUpipe 1905 supports the a^iaratus 
1900. The drillpipe 1905 preferabfy comprises a substantially hoUow tubular 
10 member or members. The driUpipe 1905 may be fabricated from any number of 
conventional conunerdaUy available materials such as, for example, oilfield 
country tubular driUpipe, fiberglass or coiled tubing. In a preferred 
embodiment, the driUpipe 1905 is fabricated from coiled tubing in order to 
facUiate the placement of tiie apparatus 1900 in non-vertical weUbores. The 
15 driUpipe 1905 may be coupled to the innerstring adapter 1910 using any 
number of conventional commerdaUy available mechanical couplings such as, 
for example, driUpipe connectors, OCTG specialty type box and pin connectors, 
a ratchet-latch type connector or a standard box by pin connector. In a 
preferred embodiment, the driUpipe 1905 is removably coupled to the 
20 innerstring adapts 1910 by a driUpipe connection. 

The driUpipe 1905 preferab^ includes a fluid passage 1975 that is 
adapted to convey fluidic materials from a surface location into the fluid 
passage 1980. In a prrferred embodiment, the fluid passage 1975 ia adi^ted to 
convey fluidic materiala such as, for exanqtle, cement, drilling mud, epoxy or 
25 lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gaUona^oinute. 

The innerstring ad^ter 1910 is coupled to the driU string 1905 and the 
seaUng sleeve 1915. The innerstring adapter 1910 preferably comprises a 
substantiaUy hoUow tubular memb« or members. The innerstring adapter 
30 1910 may be fabricated from any number of conventional commerciaUy 
available materials, sudi as, for example, oU country tubular goods, low aUoy 
steel, carbon steel, stainless steel or other high strength materials. In a 
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preferred embodiment^ the umerstring adapter 1910 is fabricated from oilfield 
country tubular goods in order to optimally provide mechanical properties that 
closely match those of the drill string 1905. 

The innerstring adapter 1910 may be coupled to the drill string 1905 
5 using any number of conventional oommerdally available mechanical couplings 
such as, for example, dril^iqw oonnectorst oilfield countiy tubular goods 
specialty type threaded connectors, ratcheMatch type stab in oonnectort or a 
standard threaded connection. In a prrferred embodiment, the inneratring 
ad^ter 1910 is removab^ coupled to the drill pipe 1905 fay adrillpipe 
10 connection. The innerstring adapter 1910 niay be coupled to the sealing sleeve 
1915 using any number of conventional commercially available medianical 
couplings such as, for example, drillpipe connection, oilfield countzy tubular 
goods specialty type threaded connector, ratchei-latdi type stab in connectors, 
or a standard threaded connection. In a preferred embodiment, the innerstring 
15 adi4>ter 1910 is removab^ coupled to the sealing sleeve 1915 by a standard 
threaded connection. 

The innostring adapter 1910 preferably includes a fluid passage 1980 
that is ad ap t ed to convey fluidic materials firom the fluid passage 1975 into the 
fluid passage 1985. In a preferred embodiment, the fluid passage 1980 is 
20 a d a p t ed to convey fluidic materials such as, for example, cement, drilling mud, 
epoiQr, or lubricants at operating pressures and flow rates ranging fit>m about 0 
to 9,000 psi and 0 to 3,000 gallona/minute. 

The sealing sleeve 1915 is coupled to the innerstring adapter 1910 and 
the inner sealing mandrd 1920. The sealing sleeve 1915 preferably comprises a 
25 substantially hollow tubular member or members. The sealing sleeve 1915 may 
be fabricated from any number of conventional commercially available 
materials such as, for example^ oilfield country tubular goods, carbon steel, low 
alloy steel, stainless sted or other hi^ strength materials. In a preferred 
embodiment, the sealing sleeve 1915 is fabricated from oilfield countzy tubular 
30 goods in order to optimal^ provide tn^^bflw*^ properties that substantially 
match the remaining obmponoits of the apparatus 1900. 
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The sealing sleeve 1915 may be coupled to the mnerstring adapter 1910 
using any number of ponventional cpmmerdaUy available mechanical couplings 
such as, for example, drillpipe oonnectaon* oilfield oountzy tubular goods . 
spedaliy type threaded connection, ratchet-latch type stab in connection, or a 
5 standard threaded connection. In a preferred embodiment, the sealing sleeve 
1915 is removah^ coupled to the innostring adapter 1910 by a standard 
threaded connection. The sealing sleeve 1915 may be coupled to the innv 
sealing mandrel 1920 using any number of conventional oonmisciaUy available 
mechanical couplings such as, for example, drillpipe connection, oilfield countxy 
10 tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 1915 is removably 
coupled to the inner sealing mandrel 1920 by a standard threaded connection. 

The sealing sleeve 1915 preferably includes a fluid passage 1985 that is 
adapted to convey fiuidic materials bom the fluid passage 1980 into the fluid 
15 passage 1990, In a preferred embodiment, the fluid passage 1985 is adapted to 
convey fluidic materials such as, for example, cement, drilling mud, epozy or 
lubricants at operating pressures and flow rates ranging bom about 0 to 9,000 
psi and 0 to 3,000 gallonsAninute. 

The umo* sealing mandrel 1920 is coupled to the sealing sleeve 1915 and 
20 the lower sealing head 1930. The inno* sealing mandrel 1920 preferably 
comprises a suhatantiaUy hollow tubular member or members. The inner 
sealing mandrel 1920 may be fabricated from any numbn of conventional 
commercial^ available materiala sudi as, for example^ oilfidd country tubular 
goods, stainlesa steel, low all<qr steel, carbon steel or otha similar hi^ strength 
25 materials. In a prrfeired embodiment, the inner sealing mandrel 1920 is 
fabricated from stainless steel in order to optimally provide mechanical 
properties similar to the other components of the apparatus 1900 while also 
providing a smooth outer surface to support seals and other moving parts that 
can operate with miniTnal wear, corrosion and pitting. 
30 The inner sealing mandrel 1920 may be coupled to the sealing sleeve 

1915 using any nimiber of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oiUieid coimtiy tubular 
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goods specialty type threaded connection, or a standard threaded connection . 
In a preferred exnbodinirat, the inner sealing mandrel 1920 is removably 
coupled to the sealing sleeve 1915 by a standard threaded connections. The 
inner sealing mandrel 1920 may be coupled to the lower sealing head 1930 
5 using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield countzy tubular goods 
spedalfy type threaded connection, ratchetrlatdi type stab in connectors or 
standard threaded connections. In a pref<m:ed embodiment, the inner sealing 
mandrel 1920 is removab^ coupled to the lower sealing head 1930 by a 

10 standard threaded connections connection. 

The inner sealing mandrel 1920 preferably includes a fluid passage 1990 
that is adapted to convey fluidic materials from the fluid passage 1985 into the 
fluid passage 1995. In a preferred embodiment, the fluid passage 1990 is 
adapted to convey fluidic materials such aa» for example, conent^ drilling mud, 

15 epozy or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to 3,000 gallons/minute. 

The upper sealing head 1925 is coujded to the outer sealing mandrel 
1935 and the ^cpanaion cone 1945. The upper sealing head 1925 ia also 
movaUy coupled to the outer surface of the inner sealing mandrel 1920 and the 

20 inner sur&ce of the caaing 1970. In this manner, the upper sealing head 1925, 
outer sealing mandrel 1935, and the expansion cone 1945 reciprocate in the 
axial direction. The radial dearanoe between the inner q^drical surface of 
the upper sealing head 1925 and the outa: surface of the inner sealing mandrel 
1920 may range, for example, from about 0.025 to 0.05 inches. In a preferred 

25 embodiment, the radial clearance between the inner qrlindrical surface of the 
upper sealing head 1925 and the outer surface of the inner sealing mandrel 
1920 ranges from about 0.005 to 0.01 inches in order to optimal^ provide 
clearance for pressure seal placement The radial clearance between the outer 
cylindrical surface of the upper sealing head 1925 and the inner aurface of the 

30 casing 1970 nu^ range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer cylindrical 
surface of the upper sealing head 1925 and the inner surface of the casing 1970 
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ranges from about 0.026 to 0.125 inches in order to optimally provide 
stabilization for. the expansion cone. 1945 as the expansion cone 1945 is 
upwardly moved inside the casing 1970. 

The upper sealing head 1925 preferably comprises an annular member 
5 having substantially cylindrical inner and outer surfaces. The upper sealing 
head 1925 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield countiy tubular goods, 
stainless steel, machine tod steel, or sinailar high strength materials. Ina 
preferred embodiment, the upper sealing head 1925 is fabricated from stainless 
10 steel in order to optimally provide high strength and smooth outer surfaces that 
are resistant to wear, galling, corrosion and pitting. 

The inner surface of the uppo- sealing head 1925 preferably includes one 
or more annular sealing members 2000 for sealing the interface between the 
upper sealing head 1926 and the inner sealing mandrel 1920. The sealing 
15 members 2000 may comprise any number of conventional commercially 

available annular sealing members such as, for example, o-rings. potypak seab 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 2000 comprise polypak seals available from Parker Seals in ordw to 
optimally provide sealing for a long axial motion. 
20 In a preforedembodimait, the upper sealing hc«d 1925 includes a 

shoulder 2005 for supporting the upper sealing head 1925 on the lower sealing 
head 1980. 

The vppar sealing head 1925 may be ooufrfed to the outer sealing 
mandrel 1935 uring any number of conventional commotaally available 

25 mechanical couplings such as. for example, drillpipe connection, oilfield countiy 
tubular goods specialty type threaded connection, or a standard threaded 
connections. In a preferred embodimoit, the upper sealing head 1925 is 
removabfy coupled to the outer sealing mandrd 1935 by a standard threaded 
connectiraa. In a prrferred embodiment, the mechanical coupling between the 

30 upper sealing head 1925 and the outa> sealing mandrel 1935 includes one or 
more sealing members 2010 for fluididy sealing the interface between the 
upper sealing head 1925 and the outer sealing mandrel 1935. The sealing 
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members 2010 may comprise any number of conventional conmierdally 
available sealing members such as, for example, o-rings, polypak seals or metal 
spring energized seals. In a preferred embodiment, the sealing members 2010 
comprise polypak seals available from Parker Seals in order to optimally 
5 provide sealing for a long axial stroking motion. 

The lower sealing head 1930 is coupled to the inner sealing mandrel 1920 
and the load mandrel 1940. The lower sealing head 1930 is also movably 
coupled to the inner surface of the outer sealing mandrel 1935. In this manner, 
the upper sealing head 1925 and outer sealing mandrel 1935 reciprocate in the 
10 axial direction. The radial clearance between the outer surface of the lower 
sealing head 1930 and the inner surface of the outer sealing mandrel 1935 may 
range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment^ the radial clearance between the outer surface of the lower sealing 
head 1930 and the inner surface of the out^ sealing mandrel 1935 ranges from 
15 about 0.005 to 0.010 inches in order to optimally provide a dose tolerance 
having room for the installation of pressure seal rings. 

The lower sealing head 1930 preferably comprises an annular member 
having substantially ^lindrical inner and outer surfaces. The lower sealing 
head 1930 may be fabricated from any number of conventional commercially 
20 available materials such as, for example, oilfield country tubular goods, 

stainless steet, machine tool steel or other similar high strength materials. In a 
preferred embodiment, the lower sealing head 1930 is fabricated from stainless 
steel in order to optimally provide high strength and resistance to wear, galling, 
corrosion, and pitting. 
25 The outer surface of the lower sealing head 1930 pref^ably includes one 

or more annular sealing members 2015 for sealing the interface between the 
lower sealing head 1930 and the outer sealing mandrel 1935. The sealing 
members 2015 may comprise any number of conventional commn^iaUy 
available annular sealing members such as, for example, o-rings, pofypak seals, 
30 or metal spring energized seab. In a preferred embodiment, the sealing 
members 2015 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke* 
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The lower sealing head 1930 may be coupled to the inner sealing mandrel 
1920 using any number of cgnventional commerciaUy available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding or a 
5 standard threaded connection. In a preferred embodiment, the lower sealing 
head 1930 is removably coupled to the inner sealing mandrel 1920 by a 
standard threaded connection. 

In a preferred embodiment, the mechanical coupling between the lower 
sealing head 1930 and the inner sealing mandrel 1920 includes one or more 

10 sealing members 2020 for fluididy sealing the interface between the lower 
sealing head 1930 and the inner sealing mandrel 1920. The sealing members 
2020 may comprise any number of conventional commercial]^ available sealing 
members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 2020 comprise polypak 

15 seab available from Parker Seals in order to optimally provide seahng for a long 
asial motion. 

The lower sealing head 1930 may be coupled to the load mandrel 1940 
using any number of conventional oommerdalfy available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 

20 specialty type threaded connections, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 1930 
is removably coupled to the load mandrd 1940 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 1930 and the load mandrel 1940 includes one or more 

25 sealing members 2025 for fluididy sealing the interface between the lower 
sealing head 1930 and the load mandrel 1940. The sealing members 2025 may 
comprise any number of conventional oommerdally available sealing members 
such as, for example, o-rings, polypak seals, or metal spring energized seals. In 
a preferred embodiment^ the sealing members 2025 comprise polypak seals 

30 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 
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In a prefeired embodiment, the lower sealing heacl 1930 includes a throat 
passage 2040 fluididjr coupled between the fluid passages 1990 and 1995. The 
throat passage 2040 is preferably of reduced size and is adapted to receive and 
engage with a plug :K)45, or other similar device. In this manner, the fluid 
5 passage 1990 is fluidicly isolated from the fluid passage 1995. In this manner, 
the pressure chamber 2030 is pressurized 

The outer sealing mandrel 1935 is couided to the upper sealing head 
1925 and the expansion cone 1945. The out» sealing mandrel 1935 is also 
movably coupled to the inner surface of the casing 1970 and the outer surface of 
10 the lower sealing head 1930. In this manner, the upper sealing head 1925, 
outer sealing mandrel 1935, and the expansion cone 1945 reciprocate in the 
axial direction. The radial clearance between the outer stirface of the outer 
sealing mandrel 1935 and the inner surface of the casing 1970 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
15 radial clearance between the outer surface of the outer sealing mandrel 1935 
and the inner surface of the casing 1970 ranges fi^m about 0.025 to 0.125 
inches in order to optimally provide ma-Hnnmiwi piston surface area to maximize 
the radial expansion fonse. The radial clearance between the inn v surface of 
the outer sealing mandrel 1935 and the outer surface of the lower sealing head 
20 1930 may range, for example, from about 0.025 to 0.05 inches. In a preferred 
embodiment^ the radial clearance between the inner surface of the outer sealing 
mandrel 1935 and the outer surface of the lower sealing head 1930 ranges from 
about 0.005 to 0.010 indiea in order to optimally provide a minimiim gap for the 
sealing elements to bridge and seat 
25 The outer sealing mandrel 1935 preferably comprises an at ^n'M^T 
member having substantial]^ cylindrical inner and outer surfaces. The outer 
sealing mandrel 1935 may be fSobricated from any number of conventional 
commercially available materials such as, for example, low alloy steel, carbon 
steel, 13 chromium steel or stainless steel. In a {deferred embodiment, the 
30 outer sealing mandrel 1935 is fabricated from stainless steel in order to 

optimally provide mmrimum strength and minimum wall tliirlrwiooft while also 
providing resistance to corrosion, galling and pitting. 
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The outer sealing mandrel 1935 may be coupled to the upper sealing 
head 1925 using any nimiber of conyentional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods spedaity type threaded connection, standard threaded connections, or 
5 welding. In a preferred embodiment, the outar sealing mandrel 1935 is 
removably coupled to the upper sealing head 1925 by a standard threaded 
connections connection. The outer sealing mandrd 1935 may be coupled to the 
expansion cone 1945 using any numbo* of conventional oomm^ally available 
mechanical couplings such as. for example, drillpipe connection, oilfield country 
10 tubular goods specialty type threaded connection, or a standard threaded 
connections connection, or welding. In a preferred embodiment^ the outer 
sealing mandrel 1935 is removably coupled to the expansion cone 1945 by a 
standard threaded connections connection. 

The upper sealing head 1925, the lower sealing head 1930, the inner 
15 sealing mandrel 1920, and the Qutar sealing mandrel 1935 together define a 
pressure chamber 2030* The pressure chamber 2030 is fluididy coupled to the 
passage 1990 via one or more passages 2035. During operation of the apparatus 
1900, the plug 2045 engages with the throat passage 2040 to fluididy isolate the 
fluid passage 1990 firam the fluid passage 1995. The pressure chamber 2030 is 
20 then pressurized which in turn causes the upper sealing head 1925, outer 
sealing mandrel 1935, and expansion cone 1945 to redprocate in the axial 
direction. The axial motion of the expansion cone 1945 in turn expands the 
casing 1970 in the radial direction. 

The load mandrel 1940 is coupled to the lower sealing head 1930 and the 
25 mechanical slip body 1955. The load mandrel 1940 prefmbly con^yrises an 
annular membar having substantially cylindrical inner and outer surfaces. The 
load mandrd 1940 may be fabricated from any numbor of conventional 
commercially available materials such as, for example, oilfield countxy tubular 
goods, low alloy steel, carbon steel, stainless sted or other similar high strength 
30 materials. In a f^erred enoJbodimait, the load mandrd 1940 is fabricated from 
oilfield country tubulsir goods in order to optimally provide high strength. 
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The load mandrel 1940 may be coupled to the lower sealing head 1930 
using any numbor of .cqnventiQnal commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, welding, amorphous bonding or a standard 
5 threaded connection. In a preferred embodiment, the load mandrel 1940 is 
removab^ coupled to the lower sealing head 1930 by a standard threaded 
connection. The load mandrel 1940 may be coupled to the mechanical slip boc^y 
1955 using any number of conventional commercially available mechanical 
couplings such as, for example, a drillpipe connection, oilfield country tubular 
10 goods specialty type threaded connections, welding, amorphous bonding, or a 
standard threaded connections connection. In a preferred embodiment, the 
load mandrel 1940 is removably coupled to the mechanical slip bo4y 1955 by a 
standard threaded connections connection. 

The load mandrel 1940 preferably includes a fluid passage 1995 that is 
15 adapted to convey fluidic materials from the fluid passage 1990 to the region 
outside of the ^paratus 1900. In a preferred embodiment, the fluid passage 
1995 ia adapted to conv^ fluidic materials sudi as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallonaAninute. 
20 The expansion cone 1945 is coupled to the outer sealing mandrel 1935. 

The expansion cone 1945 ia also movab|y coufded to the inner surface of the 
casing 1970. In this manner, the upper sealing head 1925, outer M^»t*g 
mandrel 1935, and the expansion cone 1945 reciprocate in the axial direction. 
The reciprocation of the expansion cone 1945 causes the casing 1970 to expand 
25 in the radial direction. 

The expansion cone 1945 prrferably comprises an annular member 
having substantially <7lindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
30 surface ranges fi^m about 3 to 28 inches in order to optimally provide cone 
dimensions for the.typical range of tubular members. 
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The azial length of the expansion cone 1945 may range, for example, 
from about 2 to.8 <ames the largest outer diameter of the expansion cone 1945, 
In a preferred emi>odiment, the axial length of the expansion cone 1945 ranges 
from about 3 to 5 times the largest outer diameter of the expansion cone 1945 
5 in order to optimaliy provide stability and centralization of the expansion cone 
1945 during the expansion process. In a preferred embodiment^ the an^e of 
attack of the expansion cone 1945 ranges frt>m about 5 Co SO degrees in order to 
optimal^ balance friction forces with the desired amount of radial expansion. 
The expansion cone 1945 angle of attack will vaiy as a function of the operating 
10 parametersof the particular expansion operation. 

The expansion cone 1945 may be fabricated from any number of 
conventional commercially available materiab such as, for example, machine 
tool steel, ceramics, tungsten carbide, nitride steel, or other HimilAf high 
strength nuterials. In a prrferred embodiment, the expansion cone 1945 is 
15 fabricated from D2 machine tool sted in order to optimally provide high 
strength and resistance to corrosion, wear, galling, and pitting. In a 
particularly preferred embodiment, the outside surface of the expansion cone 
1946 has a surface hardness ranging fix)m about 58 to 62 Rockwell C in order to 
optimally provide hi^ starength and resist wear and galling. 
20 The expansion cone 1945 may be coupled to the outside sealing mandrel 

1935 using any number of conventional commercially available mechanical 
couplings such as, for example^ diillpipe connection, oilfield tubular countiy 
goods specialty type threaded connection, welding, amorphous bonding; or a 
standard threaded connections onmection. In a preferred embodimait, the 
25 expansion cone 1945 is couided to the outside sealing mandrel 1935 usinga 
standard threaded connections connection in order to optitnaOj provide 
connector strength for the ^cal operating loading conditiona vdiile also 
permitting easy replacement of the expansion cone 1945. 

The mandrel launcfao- 1950 is coupled to the casing 1970. The mandrel 
30 launcher 1950 conqnises a tubular section of casing having a reduced wall 
thic^ess compared to the casing 1970. In a preferred embodiment, the waU 
thickness of the mandrel launcher is about 50 to 100 % of the wall thickness of 

-105- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCraLOO/0024S 



the casing 1970. In this manner, the initiation of the radial expansion of the 
casing 1970 is fadlitatcid. and the insertion of the larger outside diameter 
mandrel launcher 1950 into the weUbore and/or casing is facilitated. 

The mandrel launcher 1950 may be coupled to the casing 1970 using any 
5 number of conventional mechanical couplings. The mandrel launcher 1950 may 
have a waU thickness ranging, for example, from about 0.15 to 1.5 inches. In a 
preferred embodiment, the waU thickness of the mandrel launcher 1960 ranges 
from about 0.25 to 0.75 inches in order to optimally provide high strength with 
a small overaU proffle. The mandrel launcher 1950 may be fabricated from any 
10 number of conventional commercially avadable materials such as. for example, 
oil field tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materiab. In a preferred embodiment, the mandrel 
launcher 1950 is fabricated from oil field tubular goods of higher strength but 
lower wall thickness than the casing 1970 in order to optimaUy proidde a thin 
15 walled container with approximately the same bmat strength as the casing 
1970. 

The mechanical slip body 1955 is coupled to the load mandrel 1970. the 
mechanical slips 1960, and the drag blocks 1965. The mechanical slip body 
1955 preferably comprises a tubular member having an inner passage 2050 
20 fluidity coupled to the passage 1996. In this manner, fluidic materials may be 
conveyed from the passage 2050 to a region outside of the apparatus 1900. 

The mechanical slip bo4y 1955 may be coupled to the load mandrel 1940 
using siv number of ccmv«tionsl mechanical couplings. In a preferred 
embodiinant, the mechanical sUp bo^y 1955 is removably coupled to the load 
25 mandrel 1940 using a standard threaded connection in order to optimally 
provide high strength and permit the mechanical slip bo<|y 1955 to be easily 
repbced. The mechanical slip body 1955 may be coupled to the mechanical 
slips 1955 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical slip body 1955 is removably coupled to 

30 themechanical8Up8l955uaingthreadsandsUdingsteelretainerringsinorder 
to optimally provide high strength coupling and also permit easy replacement of 
the mechanical sUps 1966. The mechanical sUp body 1955 may be coupled to 
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the drag blocks 1965 using any number of conventional mechanical couplings. 
In a preferred embodiment, the mechanical aUp body 1955 is removably coupled 
to the drag blocks 1965 using threaded connections and sliding steel retains 
rings in order to optimally provide high strength and also permit easy 
5 replacement of the drag blocks 1965. 

The mechanical slips 1960 are coupled to the outside surface of the 
mechanical slip bo4y 1955. During operation of the apparatus 1900, the 
mechanical slips 1960 prevent upward movement of the casing 1970 and 
mandrel launcher 1950. In this manner, during the azial reciprocation of the 
10 expansion cone 1945, the casing 1970 and mandrel launch^ 1960 are 

maintained in a aubstantiaUy stationaiy position. In this manner, the mandrel 
launcher 1950 and casing 1970 are expanded in the radial direction by the azial 
movement of the eqiansion cone 1945. 

The mechanical slips 1960 may comprise any numb« of conventional 
15 commercially available mechanical slips such as, for eacamide, RTTS padco- 
tungsten carbide mechanical sUpa. RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 1960 comprise RTTS packer 
tungsten carbide mechanical sUps available from Halliburton Energy Services 
20 in order to optimally provide resistance to azial movement of the casing 1970 
during the expansion process. 

The drag blodcs 1965 are coupled to the outside surface of the 
mechanical slip bw^y 1965. During operation of the apparatus 1900, the drag 
blocks 1965 prevoit upward movement of the casing 1970 and mandrel 
25 launcher 1950. In this manner, during the axial reciprocation of the expansion 
cone 1945, the casing 1970 and mandrel launcher 1950 are maintained in a 
substantially stationaiy position. In this manner, the mandrel launcher 1950 
and casing 1970 are expanded in the radial direction by the axial movement of 
the expansion cone 1945. 
10 The drag blocks 1965 nay conqvise any number of conventional 

commerdalfy available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
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Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred einbodiment^ .the drag blocks 1965 comprise RTTS packer tungsten 
carbide mechanical slips available from Halliburton En^gy Services in order to 
optimaUy provide resistance to axial movement of the casing 1970.during the 
5 expansion process. 

The casing 1970 is coupled to the mandrel launch^ 1950« The casing 
1970 is further rmovablty coupled to the mechanical slips 1960 and drag blocks 
1965. The casing 1970 preferably conqprises a tubular member. The casing 
1970 may be fabricated from any number of oonventibnal commercially 

10 avaiQable materials such as, for example, slotted tubulaia, oil Geld country 
tubular goods, low alloy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the casing 1970 is fabricated 
from oilfield coimtry tubular goods available from various foreign and domestic 
steel ynillfl in order to optimally provide hi^ strength. In a preferred 

15 embodiment, the upper end of the casing 1970 includes one or more sealing 
members positioned about the exterior of the casing 1970. 

During operation, the apparatus 1900 is positioned in a wellbore with the 
upper end of the casing 1970 positioned in an overlapping relationship within 
an existing wellbore casing. In order minimize surge pressures within the 

20 borehole during placement of the apparatus 1900, the fluid passage 1975 is 
preferably provided with one or more pressure relief passages. During the 
placement of the aiqnratua 1900 in the wdlbore, the casing 1970 is supported 
by the expansion cone 1945. 

After positioning of the apparatua 1900 within the bore hole in an 

25 ffvyrlyiyf^g^^^^^^ohip with an eaoating section of wellhore caaingy a first 
fluidic mafcerial is pumped into the fluid passage 1975 from a surface location. 
The first fluidic mffhrfyl is conveyed from the fluid passage 1975 to the fluid 
passages 1980, 1985, 1990, 1995» and 2050. The first fluidic material will then 
exit the apparatus and fill the annular region between the outside of the 

30 apparatus 1900 and the interior walls of the bore hole. 

The first fluidic material may comprise any number of conventional 
commercially available materials such as, for example, drilling mud, water, 
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epoxy or cement In a preferred embodiment, the first fluidic material 
comprises a hardenable auidic sealing material audi as, for example, conent or 
epoxy. In this manner, a wellbore casing having an outor an n iih r layer of a 
hardenable material may be formed. 
5 The first fluidic material may be piunped into the apparatus 1900 at 

operating pressures and flow rates ranging, for example, bom about 0 to 4,500 
psi, and 0 to 3,000 gaUona/kmnute. In a preferred embodiment* the first fluidic 
material is pumped into the apparatus 1900 at operating pressures and flow 
rates ranging from about 0 to 4,500 psi and 0 to 3,000 gallona/taunute in order 
10 to optimally provide operating pressures and flow rates for typical operating 
conditions. 

At a predetermined point in the iiuection of the first fluidic material such 
as, for ezsmple, after the annular region outside of the apparatus 1900 has been 
fiUed to a predetermined level, a plug 2045, dart, or other similar device is 
15 introduced into the Gist fluidic material The plug 2046 lodges in the throat 
passsge 2040 thereby fluididy isolating the fluid passage 1990 from the fluid 
passage 1995. 

After placement of the plug 2045 in the throat passage 2040, a second 
fluidic material is pumped into the fluid passage 1975 in order to pressurize the 
20 pressure chamber 2030. The second fluidic material may comprise any number 
of conventional commerdaUy avaflable materials such as, for example, water, 
drilling gases, drilling mud or lubricant In a preferred embodiment, the second 
fluidic material oonqnises a non-hardenable fluidic material sudt as, for 
example, water, drilling mud or lubricant in order minimize frictional forces. 
25 The seoimd fluidic matorial may be punqied into the apparatus 1900 at 

operating pressures and flow rates ranging; for ezampte, from about 0 to 4,500 
psi and 0 to 4,500 gaUonsAninuta In a pr^erred embodiment, the second 
fluidic material is pumped into the annratus 1900 at operating pressuies and 
flow rates ranging from about 0 to 3,500 psi, and 0 to 1,200 gallona/niinute in 
30 order to optimalltjr provide expansion of the casing 1970. 

The pressurization of the pressure ctamber 2030 causes the uppo- 
sealing head 1925, outer sealing mandrel 1935, and expansion cone 1945 to 
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move in an axial direction. As the escpansion cone 1945 moves in the axial 
direction, the eg^pansion cone 1945 pjulla the mandrd launcher 1950 and drag 
blocks 1965 along, which sets the mechanical slips 1960 and stops further axial 
movement of the mandrel launcher 1950 and casing 1970. In this- manner, the 
5 axial movement of the expansion cone 1945 radially expands the mandrel 
launcher 1950 and casing 1970. 

Once the upper sealing head 1925, outer sealing mandrel 1935, and 
expansion cone 1945 complete an axial stroke, the operating pressure of the 
second fluidic mat»ial is reduced and the drill string 1905 is raised. This 
10 causes the iimer sealing mandrel 1920, lower sealing head 1930, load mandrel 
1940, and mechanical slip body 1955 to move upward. This unsets the 
mechanical slips 1960 and permits the mechanical slips 1960 and drag blocks 
1965 to be moved upward within the mandrel launcher and casing 1970, When 
the lower sealing head 1930 contacts the upper sealing head 1925, the second 
15 fluidic material is again pressurized and the radial expansion process continues. 
In this manner, the mandrel launcher 1950 and casing 1970 are radial expanded 
throu^ repeated axial strokes of the upper sealing head 1925, outer sealing 
mandrel 1935 and expansion cone 1945. Throughput the radial expansion 
process, the upper end of the casing 1970 is preferably maintained in an 
20 overlapping relation with an existing section of weilbore casing. 

At the end of the radial expansion process, the uppw end of the casing 
1970 is expanded into intimate contact with the inside surface of the lower end 
of the existing wellbare casing. In a preferred embodiment^ the sealing 
members provided at the upper end of the casing 1970 provide a fluidic seal 
25 between the outside surface of the upper end of the casing 1970 and the inside 
surfaceof the lower end of the existing weilbore casing. In a preferred 
embodiment, the contact pressure betwem the casing 1970 and the existing 
section of wdlbore casing ranges firom about 400 to 10,000 psi in order to 
optimally provide contact pressure for activating sealing members, provide 
30 optimal resistance to axial movement of the expanded casing 1970, and 
optimally support typical tensile and compressive loads. 
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In a preferred embodiment, as the expansion cone 1945 nears the end of 
the casing 1970^ the operating flow rate of the second fluidic material is reduced 
in order to minimize shock to the apparatus 1900. In an altmiative 
embodiment^ the ^iparatus 1900 includes a shock absorber for absorbing the 
5 shock created by the completion of the radial expansion of the casing 1970, 

In a preferred embodiment^ the reduced operating pressure of the second 
auidic material ranges from about 100 to 1,000 pd as th^ expansion cone 1945 
nears the endof the casing 1970 in order to optimally provide reduced adal 
movement and velocity of the expansion cone 1945. In a prrferred embodiment, 
10 the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 1900 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 1945. In a 
preferred embodiment, the stroke length of the apparatus 1900 ranges from 
about 10 to 45 feet in order to optimal^ provide equipment lengths that can be 
15 handled tqr typical oflweU rigging eciuq>mentvi4i]le^^ 

frequency at which the expansion cone 1945 must be stopped so the apparatus 
1900 can be re-stroked for further expansion operations. 

In an alternative embodiment, at least a portion of the upper sealing 
head 1925 indudes an expansion cone for radially expanding the mandrel 
20 launcher 1950 and casing 1970 during operation of the apparatus 1900 in order 
to increase the surface area of the casing 1970 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced. 

In an alternative embodiment, mechanical slips are positioned in an axial 
location hetwem the sealing sleeve 1915 and the inner sealing mandrel 1920 in 
25 order to simplify the operation and assembly of the apparatus 1900. 

Upon the complete radial expansion of the casing 1970, if applicable, the 
first fluidic material is permitted to cure within the annular region between the 
outside of the expanded casing 1970 and the interior walls of the wellbore. In 
the case where the expanded casing 1970 is slotted, the cured fluidic matoial 
30 will preferab^ permeate and envelop the expanded casing. In manner, a 
new section of wellbore casing is formed within a wellbore. Altemativefy, the 
apparatus 1900 may be used to join a first section of pipeline to an existing 
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section of pipeline. Alternatively, the qiparatua 1900 may be used to direcUy 
line the int^or of a wellbore with a casing, without the use of an outer annular 
layer of a hardenable material Alternatively, the apparatus 1900 may be used 
to expand a tubular support member in a hole. 
5 During the radial expansion process, the pressurized areas of the 

^iparatus 1900 are limited to the fluid passages 1975, 1980, 1985, and 1990, 
and the pressure chamber 2030. No fluid pressure acts directiy on the mandrel 
launcher 1950 and casing 1970. This permits the use of operating pressures 
higher than the mandrel launcher 1950 and casing 1970 could normally 
10 withstand. 

Referring now to Figure 16, a preferred embodiment of an apparatus 
2100 for forming a mono-diameter wellbore casing will be described. The 
apparatus 2100 preferably includes a driUpipe 2105, an innerstring adapter 
2110, a sealing sleeve 2115, an inner sealing mandrel 2120, slips 2125, upper 
15 sealing head 2130, lower sealing head 2135, outer sealing mandrel 2140, load 
mandrel 2145, ^qwoision cone 2150, and casing 2155. 

The drillpipe 2105 is coupled to the ixmerstring adapter 2110. During 
operation of the apparatus 2100, the drillpipe 2105 supports the ^paratus 
2100. The drillpipe 2105 preferably cominses a substantially hollow tubular 

20 member or membm. The driUpipe 2105 may be fabricated from any number of 
conventional commerdally available materials such aa, for eunqde, oilfield 
country tubular ffwta, low allqy steel, carbon ateel, stainless steel or other 
similar high atroigth material. In a preferred enibodimait, the driUpipe 2105 is 
fabricated from cpfled tubing in order to faciliate the placement of the 

25 apparatus 1900 in non*verticalweUbores. The driUpqw 2105 may be coupled to 
the innerstring adapter 2110 using aqy number of conventional commerdaUy 
available mechanical couplings such as, for example, driUpipe connection, 
oilfield country tubular goods specialty type threaded connection, ratchet-latch 
^ype connection, or a standard threaded connection. In a preferred 

30 embodiment, the driUpipe 2105 is removably coupled to the innerstring adapter 
2110 by a driU pipe connection. 
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The drillpipe 2105 preferably includes a fluid passage 2160 that is 
adapted to convey fluldic materials ftom a siuface location into the fluid 
passage 2165. In a preferred embodiment, the fluid passage 2160 is adapted to 
convey fluidic materials such as, for example, cement, epozy, wat^, drilling 
5 mud or lubricants at opo^ting pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 

The innerstring adapter 2110 is coupled to the drill string 2105 and the 
sealing sleeve 2115. The imieralring adapter 2110 prrferab^p comprises a 
substantiaUy hollow tubular member or mrabers. The innerstring adspter 
10 2110 may be fabricated from any number of conventional commerciaUy 
available materials such as, for example, oilfield country tubular goods» low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the innerstring adulter 2110 is fabricated from 
stainless steel in order to optimally provide high strength, low friction, and 
15 resistance to corrosion and wear. 

The innerstring adapter 2110 may be coupled to the driU string 2105 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type connection or a standard 
20 threaded connection. In a preferred embodiment, the innerstring adapter 2110 
is removabfy coupled to the drill pipe 2105 by a drillpipe connection. The 
innerstring adapter- 21 10 may be coupled to the sealing sleeve 2115 using any 
number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connection, oilfield country tubular goods specialty type 
25 threaded connection, ratchet-latch type threaded connection, or a standard 
threaded connection. In a prefaredembodinient» the innerstring adapter 2110 
is removably coupled to the sealing sleeve 2115 by a standard threaded 
connection. 

The innerstring ads^iter 2110 preferabfy includes a fluid passage 2165 
30 that is adapted to convey fluidic matmals from the fluid passage 2160 into the 
fluid passage 2170.. In a preferred embodiment, the fluid passage 2165 is 
adapted to convey fluidic materials such as, for eaumiple, cement, epoxy, water 
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drilling inuds» or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pd and 0 to. 3,000 gallons/minute. 

Tbe sealing sleeve 2115 is coupled to the innerstring ad£q)ter 21 10 and 
the inn« sealing mandrel 2120. The sealing sleeve 2115 preferably comprises a 
5 substantially hollow tubular member or members. The sealing sleeve 2115 may 
be fabricated from any number of conventional commercially available 
materials such as, for example, oil field tubular goods, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
embodiment, the sealing sleeve 2115 is fabricated from stainless steel in order 
10 to optimally provide hi^ strength, low friction surfiBoes, and resistance to 
corrosion, wear, galling, and pitting. 

The sealing sleeve 2115 may be coupled to the innerstring adapter 2110 
using any numbor of conventional commercially available mechanical couplings 
such as, for eocanqde, a standard threaded connection, oilfield country tubular 
15 goods specialty type threaded connediona, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the sealing sleeve 
2115 is removably coupled to the innentring ada|ta* 2110 fay a standard 
threaded connection. The sealing sleeve 2115 nuv be coupled to the inner 
sealing mandrel 2120 using any number of conventional commercially available 
20 mechanical coiqdingB such aa, for ezan^e, a standard threaded connection, 
oilfield oountzy tubular goods speciaHy type threaded connections, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the sealing sleeve 2115 ia removab](y coupled to the inner sealing 
mandrel 2120 fay a standard threaded connection. 
25 The sealing sleeve 2115 preferabfy includes a fluid passage 2170 that is 

adapted to convey fluidic materials from the fluid passage 2165 into the fluid 
passage 2175. In a inferred embodiment, the fluid passage 2170 is adapted to 
convey fluidic materials such as, for example, cement, epojQr, water, drilling 
mud, or lubricants at operating pressures and flow rates ranging from about 0 
30 to 9,000 psi and 0 to 3,000 gallons/minuta. 

The inner aealing mandrel 2120 ia coupled to the sealing sleeve 21 15, 
slips 2125, and the lower sealing head 2135. The inner sealing mandrd 2120 
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preferably comprises a substantially hollow tubular member or members. The 
innex sealing mandrel 2120 may beiiabricated from any number of conventional 
commercially available materiab such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar-high strength 
5 mat^als. In a preferred embodiment, the inner sealing mandrel 2120 is 
fabricated from stainless steel in order to optimaUy provide hi^ strength, low 
friction surfaces, and ooirosion and wear resistance. 

The inner sealing mandrel 2120 may be coupled to the sealing sleeve 
2115 using any number of conventional commerciaUy available mechanical 
10 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the inner sealing mandrel 2120 is removably 
coupled to the sealing sleeve 2115 by a standard threaded connection. The 
standard threaded connection provides high stroigth and permits easy 
15 replacement of components. The inner sealing mandrel 2120 may be coupled to 
the slips 2125 using any number of conventional commercially available 
mechanical couplings such as, for example, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the inner sealing 
mandrel 2120 is removably coupled to the slips 2125 by a standard threaded 
20 connection. The inner sealing mandrel 2120 may be coupled to the lower 
sealing head 2135 using any number of conventional commercially available 
mechanical coupUngs such as, for example, drillpipe connection, oilfield co\mtiy 
tubular goods spedalty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a preferred raibodim»t, the inner 
25 sealing mandrel 2120 is removab^ coupled to the lower sealing head 2135 by a 
standard threaded connectioD. 

The inner sealing mandrel 2120 preferabfy indudea a fluid passage 2175 
that is adapted to convey fluidic materials bom the fluid passage 2170 into the 
fluid passage 2180. In a preferred embodiment, the fluid passage 2175 is 
30 adapted to convey fluidic matmals such aa, for example, conent, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The slips 2125 are coupled to the outer surface of the inner sealing 
mandrel 2120. During opmtiop of the apparatus. 2100, the slips 2125 
preferably maintain the casing 2155 in a substantiaUy stationary position 
during the radial expansion of the casing 2155. In a preferred embodimait» the 
5 slips 2125 are activated using the fluid passages 2185 to convey pressurized 
fluid material into the slips 2125. 

The slips 2125 may comprise any number of commercially available 
hydraulic slips such as, for ezan4)le, RTTS packer tungsten carbide hydraulic 
slips or Model 3L retrievable bridge plug hydraulic slips. In a preferred 
10 embodiment^ the slips 2125 concqnise RTTS packer tungsten carbide hydraulic 
slips available from Halliburton Energy Services in order to optimal^ provide 
resistance to axial movement of the casing 2155 during the expansion process. 
In a particularly preferred embodiment^ the slips indude a fluid passage 2190, 
pressure chamber 2195, spring return 2200, and slip mmber 2205. 
15 The slips 2125 may be coupled to the inner sealing mandrel 2120 using 

any number of conventional medbanical couplings. In a preferred embodiment, 
the slips 2125 are removah^y coupled to the outer surface of the inner «>Aitng 
mandrel 2120 by a thread connection in order to optimally provide 
interchangeability of parts. 
20 The upper sealing head 2130 is coupled to the otitOT sealing mandrel 

2140 and expansion cone 2150. The upper sealing head 2130 is also movab^y 
coufded to the outer surface of the inner sealing mandrel 2120 and the inner 
surfiBboe of the casing 2155. In this manner, the upper sealing head 2130 
redprocaies in the axial direction. The radial dearance between the inner 
25 cylindrical surface of the upper sealing head 2130 and the outer surfiara 
inner sealing mandrel 2120 may range, for example, from about 0.025 to 0.05 
inches. In a preferred embodiment, the radial dearance between the inner 
qrlindrical surface of the upper sealing head 2130 and the outer surface of the 
inner sealing mandrel 2120 ranges from about 0.005 to 0.010 inches in ordo* to 
30 optimally provide a pressure seal The radial dearance between the outer 
cylindrical surface of the ufqper sealing head 2130 and the inner surface of the 
casing 2155 may range, for example, from about 0.025 to 0.375 inches. In a 

-116. 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/IL00/0024S 



preferred embodiment, the radial clearance between the outer cylindrical 
surface of the upper sealing head 2130 and the inner surface of the casing 2155 
ranges from about 0.025 to 0.125 inches in order to optunally provide 
stabilization for the expansion cone 2130 during axial movement of the 
5 expansion cone 2130. 

The upper sealing head 2130 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaced. The upper sealing 
head 2130 may be fabricated from any number of conventionai commercially 
available matw ri ah such as, for example, low alloy sted, carbon steel, stainless 
10 steel or other similar hi^ strength materials. In a preferred embodiment, the 
upper sealing head 2130 is fabricated from stainless steel in order to optimaUy 
provide high strength, corrosion resistance, and low friction surfaces. The 
inner surface of the upper sealing head 2130 preferably includes one or more 
annular sepling members 2210 for sealing the interface between the upper 
15 sealing head 2130 and the inner sealing mandrel 2120. The sealing members 
2210 may comprise any number of conventional coomiercially available annular 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
energized seals. In a preferred embodiment, the sealing members 2210 
comprise polypak seals available from Parker Seals in order to optimally 
20 provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2130 indudes a 
shoulder 2215 for supporting the upper sealing head 2130 on the loww sealing 
head 2135. 

The upper sealing head 2130 may be coupled to the outer sealing 
25 mandrel 2140 using any number of conventional commercially available 

mechanical couplings sudi as, for example, driUiape oonnection, oilfidd country 
tubular goods specialty threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred raibodiment, the upper sealing 
head 2130 is removably coupled to the outer sealing mandrel 2140 by a 
30 standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the upper sealing head 2130 and the outer sealing mandrel 
2140 indudes one or more sealing members 2220 for fluididy sealing the 
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interface between the upper sealing head 2130 and the outer sealing mandrel 
2140. The sealing members 223Xi n\ay comprise any number of conventional 
oonunerdaUy available sealing members such as, for examfAe^ o-rings, polypak 
seals, or metal spring energized seals. In a preferred embodimmt, the sealing 
5 members 2220 conqirise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing bead 2135 is coupled to the inner sealing mandrel 2120 
and the load mandrel 2145. The lower sealing head 2135 is also movably 
coupled to the inna* surface of the outer sealing oumdrel 2140. In this manner, 

10 the upper sealing head 2130, outer sealing mandrel 2140, and expansion cone 
2150 reciprocate in the axial direction. The radial clearance between the outer 
surface of the lower sealing head 2135 and the inner surface of the outer sealing 
niandrd 2140 nxay range, for exaniple, from about 0.0025 to 0.05 inches. In a 
preferred embodiment^ the radial clearance betwera the outer sur&oe of the 

15 lower seaUng head 2135 and the inner surface of the outer sealing mandrel 2140 
ranges from about 0.0025 to 0.05 inches in order to optimaUy provide miniTrmi 
radial clearance. 

The lower sealing head 2135 preferably comprises an annular member 
having su h stantiaUy cylindrical inner and outer surfaces. The lower sealing 

20 head 2135 may be fabricated fit>m any number of conventional commercially 
available materials such as, for examine, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless sted or other omilar strength materials. 
In a preferred onbodiment, the lower sealing head 2135 is fabricated from 
stainless sted in order to optimally provide high strength, corrosion resistance, 

25 and low friction surfaces. The outer surface of the lower sealing head 2135 
preferably includes one or more anmiliir sealing members 2225 for sealing the 
interface between the lower sealing head 2135 and the outer sealing mandrel 
2140. The sealing members 2225 may comprise any number of conventional 
conunerdalfy available annular sealing numbers such as, for example, o-rings, 

30 polypak seals or metal spring energized seals. In a preferred embodiment, the 
sealing members 2226 comprise polypak seals available from Parkor Seals in 
order to optimally provide sealing for a long axial stroke. 
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The lower sealing bead 2135 may be coupled to the inner sealing mandrel 
2120 using any number of conventional commercially available mechanical 
couplings such as, for example, driUpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
5 standard threaded connection. In a prefmed embodiment, the lower sealing 
head 2135 is removably coupled to the inner sealing mandrel 2120 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the lower sealing head 2135 and the inner sealing mandrel 
2120 indudea one or more sealing membCT 22S0 for fluididy sealing the 
10 int^ace between the lower sealing head 2135 and the inner sealmgmand^ 
2120. The sealing members 2230 may comprise any number of conventional 
commerdaUy available sealing members sudi aa, for example, o-rings, polypak 
seals, or metal spring energized seals. In a preferred embodiment, the sealing 
monbers 2230 comprise polypak seals available from Parker Seals in order to 
15 optimally provide sealing for a long axial stroke. 

The loww sealing head 2135 may be coupled to the load mandrel 2145 
using any number of oonventional commoxially avadable mechanical couplings 
sudi as, for example, driUpipe connection, oilfield country tubular goods 
specialty threaded connection, wdding, amorphous bonding, or a standard 
20 threaded connection. In a preferred embodiment, the lower sealing head 2135 
is removably coupled to the load mandrel 2145 by a standard threaded 
connection. In a preferred embodiment^ the mechanical coupling between the 
lower sealing head 2135 and the load mandrel 2145 includes one or more 
sealing members 2235 for fluididy sealing the into&ce between the Iowa 
25 sealing head 1930 and the load mandrel 2145. The sealing members 2235 may 
comprise any number of conventional commeraaUy available sealing members 
sudi as, for example, o-ringB, polypak seals, or metal spring energized sea^ In 
apreferred embodiment^ the sealing members 2235 compriae polypak fp«»h 
available firom Parker Seals in order to optimally provide aealing for a long axial 
30 stroke. 

In a preCnred ^nbodiment, the lower sealing head 2135 indudes a throat 
passage 2240 fluididy coupled between the fluid passages 2175 and 2180. The 
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fchroat passage 2240 is preferably of reduced size and is adapted to receive and 
aigage with a plug 2245, or other similar device. In this manna, the fluid 
passage 2175 is Quidicfy isolated from the fluid passage 2180, In this manner, 
the pressure chamber 2250 is pressurized. 

5 The outer sealing mandrel 2140 is coupled to the upper sealing head 

2130 and the expansion oone 2150. The outer sealing mandrel 2140 is also 
movabfy coupled to the inner surface of the casing 2155 and the outer surface of 
the lower sealing head 2136. In this manner, the upper sealing head 2130, 
outer sealing mandrd 2140, and the expansion oone 2150 redpiocate in the 
10 axial direction. The radial clearance between the outer surface of the outer 
sealing mandrel 2140 and the inner surface of the casing 2155 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2140 
and the inner surface of the casing 2155 ranges from about 0.025 to 0.125 
15 inches in order to optimally provide stabilization for the eqnnsion cone 2130 
during the expansion process. The radial clearance betweoi the inner surface 
of the outer sealing mandrel 2140 and the outer surface of the lower sealing 
head 2135 m^ range, for example, from about 0.005 to 0.125 inches. In a 
prefOTed embodiment, the radial clearance between the inner surface of the 
20 outer sealing mandrel 2140 and the outer surface of the lower sealing head 2135 
ranges from about 0.005 to 0.010 inches in order to optimally provide »nm.m«i 
radial clearance. 

The outs sealing mandrel 2140 preferably comprises an aitnniai- 
member having substantially qdindrical inner and outer surfaces. The outer 
25 sealing mandrel 2140 magr be fabricated from any number of conventional 
commocially available materials sudi as, for examine, oilfidd country tubular 
goods, low alloy steel, cariion steel, stainless steel, or other similar high 
strength matm als, In a preferred embodiment, the outer sealing mandrel 2140 
is fabricated from stainless steel in order to optimally provide high strength, 
30 corrosion resistance, and low friction surfaces. 

The outer sealing mandrel 2140 may be coupled to the upper sealing 
head 2130 using any number of conventional commercially available mechanical 
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couplings such as, for example, drillpipe connection, oilfieid country tubular 
goods specialty threaded conneqtion^ welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
2140 is removably coupled to the upper sealing head 2130 by a standard 
5 threaded connection. The outer sealing mandrel 2140 may be coupled to the 
expansion cone 2150 using any number of conventional commercial^ available 
mechanical couplings audi as, for example, drillpipe connection, oilfield country 
tubular goods qiedalty threaded connection, welding, amorphous bonding, or a 
standard threaded coimection. In a preferred embodiment^ the outer sealing 
10 mandrel 2140 is removably coupled to the expansion cone 2150 by a standard 
threaded connection. 

The uppo* sealing head 2130, the lower sealing head 2135, inner sealing 
mandrel 2120, and the outer sealing mandrel 2140 together define a pressure 
chamber 2250. The pressure chamber 2250 is fluidic^ coupled to the passage 
15 2175 via one or more passages 2255. During operation of the apparatus 2100, 
the plug 2245 engages with the throat passage 2240 to fluidicly isolate the fluid 
passage 2175 from the fluid passage 2180. The pressure chamber 2250 is then 
pressurized which in turn causes the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 to reciprocate in the axial direction. 
20 The axial motion of the expansion cone 2150 in turn expands the casing 2155 in 
the radial direction. 

The load mandrel 2145 is coupled to the lower sealing head 2135. The 
load mandrel 2145 preferably comprises an annt^i ny member having 
substantiaUy cylindrical iimer and outer surfaces. The load mandrel 2145 may 
25 be fabricated from any nimiber of conventional commercially available 
materials such as, for example^ oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar hi|^ strangth materials. In a 
preferred embodiment* the load mandrel 2145 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low 
30 friction bearing surfaces. 

The load mandrel 2145 may be coupled to the lower sealing head 2135 
using any number of conventional commercially available mechanical couplings 
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such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the load mandrel 2145 is 
removably coupled to the lower sealing head 2135 by a standard threaded 
5 connection in order to optimally provide hi^ strength and permit easy 
replacement of the load mandrel 2145. 

The load mandrel 2145 preferably includes a fluid passage 2180 that is 
adapted to convey fluidic materials from the fluid passage 2180 to the region 
outside of the apparatus 2100. In a preferred embodiment, the fluid passage 
10 2180 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallona/minute. 

The expansion cone 2150 is coupled to the outer sealing mandrel 2140. 
The expansion cone 2150 is also movabfy coupled to the inner surface of the 
15 casing 2155. In this manner, the upper sealing head 2130, outer sealing 
mandrel 2140, and the expansion cone 2150 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2150 causes the casing 2155 to expand 
in the radial direction. 

The expansion cone 2150 preferab^ comprises an gTitinior member 
20 having substantial^ gdindrical inner and conical outer surface The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optimally provide cone 
dimensions that are optimal for typical casings. The axial loigth of the 
25 expansion cone 2150 may range, for example, from about 2 to 6 times the 
largest outside diameter of the expansion cone 2150. In a preferred 
embodiment, the axial length of the expansion cone 2150 ranges from about 3 
to 5 times the largest outside diameter of the expansion cone 2150 in order to 
optimally provide stability and centralization of the expansion cone 2150 during 
30 the expansion process. In a particuluty preferred embodiment, the m"^*"""^ 
outside diameter of the expansion cone 2150 is between about 90 to 100 % of 
the inside diameter of the existing wellbore that the casing 2155 will be joined 
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with. In a preferred embodiment, the angle of attack of the expansion cone 
2150 ranges frona about 5 to 30 degrees in order to optimally balance biction 
forces and radial expansion forces. The optimal expansion cone 2150 angle of 
attack wiO vary as a function of the particular operating conditions of the 
5 expansion operation. 

The expansion cone 2150 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 
tool steel, nitride steel, titanium, tungsten carbide, ceramics, or oth v similar 
bi^ strength materials. In a prrferred embodiment, the expansion cone 2150 
10 is fabricated from D2 machine tool steel in order to optimally provide high 
strmgth and resistance to wear and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 2150 has a surface 
hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
resistance to wear. 

15 The expansion cone 2150 may be coupled to the outside sealing mandrel 

2140 using any numbw of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodimrat, the expansion cone 

20 2150 is coupled to the outside sealing mandrel 2140 using a standard threaded 
connection in order to optimally provide high strength and permit the 
expansion cone 2150 to be easUy replaced. 

The casing 2155 is removably coupled to the slips 2125 and expansion 
cone 2150. The casing 2155 preferably comprises a tubuhir member. The 

25 casing 2155 may be fabricated from any number of conventional commercially 
available mat^rin la such as, for example, slotted tubulars, oilfield country 
tubular goods, low all<qr steel, cari>on steel, stainless steel or other similar high 
strength matoial. In a preferred embodiment, the casing 2155 is fabricated 
from oilfield country tubular goods available from various foreign and domestic 

30 steel mills in order to optimally provide hi^strragth. 

In a preferred embodiment, the upper end 2260 of the casing 2155 
includes a thin wall section 2265 and an outer annular sealing member 2270. 
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In a preferred embodiment, the wall thickness of the thin wall section 2265 is 
about 50 to 100 % of the regular, waU thickness of the casing 2155. In this 
manner, Uie upper end 2260 of the casing 2155 may be easily expanded and 
deformed into intimate contact with the lower end of an existing section of 
5 wellbore casing. In a preferred embodiment, the Iowct end of the existing 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section 2265 of casing 2155* into the thin walled 
section of the existing wellbore casing results in a wellbore casing having a 
substantially constant inside diameter. 
10 The annular sealing member 2270 may be fabricated from any number of 

conventional commercially available sealing materials such as, for example, 
epoxy, rubber, metal or plastic. In a preferred embodiment, the annular sealing 
member 2270 is fabricated from StrataLock epoxy in order to optimal^ provide 
compressibiliiy and resistance to wear. The outside diameter of the annular 
15 sealing member 2270 preferably ranges from about 70 to 95% of the inside 
diameter of the lower jedjw of the weUbore casing that the casing 2155 is 
joined to. In this xnmmer, after expansion, the annular sealing member 2270 
preferably provides a fluidic seal and also preferably provides sufficient 
fiictional force with the inside surface of the existing section of wellbore casing 
20 during the radial expansion of the casing 2155 to support the casing 2155. 
In a jo^erred embodiment, the Iowct end 2275 of the casing 2155 
includes a thin waU section 2280 and an outer annular sealing member 2285. 
In a preferred embodinmti the wall thickness of the thin wall section 2280 is 
about 50 to 100 %ofther%ular wall thickness of the casing 2155. In tius 
25 manner, the loww end 2275 of the casing 2155 may be easily expanded and 
deformed Furthermore, in this manner, an other section of casing may be 
easily joined with the lower end 2275 of the casing 2155 using a radial 
expansion process. In a preferred embodim^t, the upper end of the other 
section of casing also includes a thin wall section. In this manner, the radial 
30 expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 2280 of the lower end of the casing 2155 results in a 
wellbore casing having a substantially constant inside diameter. 
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The annular sealing member 2285 may be fabricated from any number of 
oonventionai conmierdally available sealing TT^atof i >h such as, for example, 
epoxy, rubber, metal or plastic In a prefCTred embodiment, the annular sealing 
mmber 2285 is fabricated from StraftaLock eposy in order to optimally provide 
5 compressibility and wear resistance. The outside diameter of the aimular 
sealing member 2285 preferabfy ranges from about 70 to 95 % of the inside 
diameter of the lower section of the existing wellbore casing that the casing 
2155 is joined to. In this manner, the annular sealing member 2285 preferably 
provides a fluidic seal and also preferably provides suflBdent fricdonal force 
10 with the inside waU of the wellbore during the radial expansion of the casing 
2155 to support the casing 2155. 

During operation, the apparatus 2100 is preferably positioned in a 
wellbore with the upper end 2260 of the casing 2155 positioned in an 
overiapping relationship with the lower end of an gn'atiwg wellbore casing. In a 
15 particular^ preferred embodiment, the thin wall section 2265 of the casing 
2155 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. In this manner, the radial expansion of the casing 2155 will 
oon42ress the thin wall sections and annular compressible monbers of the upper 
20 end 2260 of the casing 2155 and the lower end of the existing wellbore casing 
into intimate contact Dmring the positioning of the apparatus 2100 in the 
wellbore, the casing 2155 is supported by the expansion cone 2150. 

After positioning of the apparatus 2100, a first fluidic material is then 
pumped into the fluid passage 2160. The first fluidic material may comprise 
25 any number of convmtional commercially available materials such as, for 

example,drilUngmud, water, epoiqr, or cement In a pxef erred embodimeht, the 
first fluidic material comprises a hardenable fluidic sealing material such as, for 
example, cement or epojcy in order to provide a hardenable outer annnlaT body 
around the expanded casing 2155. 
30 The first fluidic material may be pumped into the fluid passage 2160 at 

opmiting pres8ure3 and flow rates ranging, for example, frt>m about 0 to 4,500 
psi and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 
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material is pumped into the fluid passage 2160 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallona/minute in order 
to optimally provide operational ^dency. 

The Grst fluidic material pumped into the fluid passage 2160 passes 
5 through the fluid passages 2165, 2170, 2175, 2180 and then outside of the 
^paratus 2100. The first fluidic material thra fills the annular region between 
the outside of the apparatus 2100 and the intmor walld^ of the wellbore. 

The plug 2245 is then introduced into the fluid passage 2160. The plug 
2245 lodges in the throat passage 2240 and fluididy isolates and blocks off the 
10 fluid passage 2175. In a preferred embodiment, a couple of Volumes of a non- 
hardenable fluidic material are then pumped into the fluid passage 2160 in 
order to remove any hardoiahle fluidic material contained within and to ensure 
that none of the fluid passages are blo^ed. 

A second fluidic material is then pumped into the fluid passage 2160. 
15 The second fluidic material may comprise my number of conventional 
commercially available roatmwls such as, for example, drilling mud, water, 
drilling gases, or lubricants. In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic material such as, for example, 
water, drilling mud or lubricant in order to optimally provide pressurization of 
20 the pressure chamber 2250 and minimize frictional forces. 

The second fluidic material may be punq)ed into the fluid passage 2160 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallonaABiinute. In a preferred embodiment, the second 
fluidic material is pumped into the fluid passage 2160 at operating pressures 
25 andflowratesrangingfromaboutO to 3,500 psi and 0 to 1,200 gaUona/minute 
in order to optimally provide operational efiSdency. 

The second fluidic material pumped into the fluid passage 2160 passes 
through the fluid passages 2165, 2170, and 2175 into the pressure chambers 
2195 of the slips 2125, and into the pressure chamber 2250. Continued 
30 pumping of the second fluidic material pressurixes the pressure chambos 2195 
and 2250. 
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The pressiirization of the pressure chambers 2195 causes the slip 
members 2205 expand in the radial direction and grip the interior surface of 
the casing 2155. The casing 2155 is then preferably maintained in a 
substantially stationary position. 
5 The preasurization of the pressure chamber 2260 causes the upper 

sealing head 2130, outer sealing mandrel 2140 and expansion cone 2150 to 
move in an axial direction relative to the casing 2165. In this manner, the 
expansion cone 2160 will cause the casing 2165 to expand in the radial 
direction. 

10 During the radial expansion process, the casing 2155 is prevented from 

moving in an upward direction by the aUps 2125. A length of the casing 2155 is 
then expanded in the radial direction throu^ the pressurization of the pressure 
chamber 2260. The length of the casing 2155 that ia expanded during the 
expansion process will be proportional to the stxoke length of the upper sealing 
15 head 2130, outer sealing mandrel 2140, and expansion cone 2150. 

Upon the completion of a stroke, the operating pressure of the second 
fluidic material is reduced and the upper sealing head 2130, outer sealing 
mandrel 2140, and expansion cone 2150 drop to their rest positions with the 
casing 2165 supported by the expansion cone 2160. The position of the drillpipe 
20 2106 is preferably adjusted throughout the radial expansion process in order to 
maintain the overlapping relationship between the thin walled sections of the 
loMrer end of the existing vrellbore casing and the upper end of the casing 2155. 
In a preferred embodiment, the stroking of the expansion cone 2160 is then 
repeated, as necessary, untU the thin waUed section 2265 of the upper end 2260 
25 of the casing 2155 is expanded into the thin walled section of the lower end of 
the existing weUbore casing. In this manner, a wellbolo casing ia formed 
including two adjacent sectiona of casing having a substantially constant inside 
diameter. This process may then be repeated for the entirety of the weUbore to 
provide a weUbore casing thousands of feet in length having a subatantiaUy 
30 constant inside diameter. 

In a preferred eoBbodiment, during the final stroke of the expansion cone 
2150, the slips 2125 are positioned as close as possible to the thin walled section 
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2265 of the upper end of the casing 2155 in order minimize sUppage between 
the casing 2155 and the existing wellbore casing at the end of the radial 
expansion process. Alternatively, or in addition, the oiitside diameter of the 
annular sealing mmiber 2270 is selected to ensure suf&dent interference fit 
5 with the inside diameter of the lower end of the existing casing to prevent axial 
displacement of the casing 2155 during the final stroke. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2285 is selected 
to provide an interference fit with the inside walla of the wellbore at an earlier 
point in the radial expansion process so as to prevent further axial displacement 
10 of the casing 2155. In this final alternative, the interference fit is prefmbly 
selected to permit expansion of the casing 2155 by pulling the expansion cone 
2150 out of the wellbore, without having to pressurize the pressure chamber 
2250. 

During the radial expansion process, the pressurized areas of the 
15 apparatus 2100 are limited to the fluid passages 2160, 2165, 2170, and 2175, the 
pressure chambers 2195 within the slips 2125, and the pressure chamber 2250. 
No fluid pressure acts directty on the casing 2155. Thia permits the use of 
operating pressures higher than the casing 2155 could normally withstand- 
Once the casing 2155 has been complete^ e^ianded oflF of the cqcpansion 
20 cone 2150, remaining portions of the apparatus 2100 are removed fi^m the 
wellbore. In a preferred embodimmt^ the contact pressure between the 
deformed thin wall sections and compressible Awtmiai* members of the lower 
end of the existing casing and the uppor end 2260 of the casing 2155 ranges 
from about 500 to 40,000 psi in order to optimally support the casing 2155 
25 using the existing wellbore casing. 

In this manner, the casing 2155 is radiaUy expanded into contact with an 
existing section of casing by pressurizing the interior fluid passages 2160, 2165, 
2170, and 2175 and the pressure chamber 2250 of the apparatus 2100. 

In a preferred embodiment, as required, the Angular body of hardenable 
30 fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 2155. In the case where the casing 2155 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
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2155. The resultiag new section of wellbore casing includes the expanded 
casing 2155 and the rigid outer annular body. The overlapping joint between 
the pre-existing wellbore casing and the expanded casiiig 2155 includes the 
deformed thin wall sections and the compressible outer annular bodies. The 
5 inner diaxneter of the resulting combined wellbore casings is substantially 
constant In this manner, a mono-diameter wellbore casing is farmed. This 
process of expanding overlapping tubular members having thin wall end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this mann^*, a mono-diameter wellbore casing 
10 can be provided for thousands of feet in a subterranean formation. 

In a preferred embodiment, as the expansion cone 2150 nears the upper 
end of the casing 2155, the operating flow rate of the second fluidic material is 
reduced in order to minimize shock to the apparatus 2100. In an alternative 
embodiment, the apparatus 2100 includes a shock absorber for absorbing the 
15 shock created by the completion of the radial expansion of the casing 2155. 

In a preferred embodimmt, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2130 
nears the end of the casing 2155 in order to optimally provide reduced axial 
movanent and velocity of the expansion cone 2130. In a preferred embodiment, 
20 the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 2100 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2130 during the 
return stroke. In a {averred embodimait» the stroke length of the apparatus 
2100 ranges from about 10 to 45 feet in ord» to optimally provide equipment 
25 lengths that can be handled by conventional oil well rigging equipment while 
also minimizing the frequenqr at which the egqumsion cone 2130 must be 
stopped so that the an)aratus 2100 can be re-stroked. 

In an alternative embodiment, at least a portion of the upper sealing 
head 2130 includes an expansion cone for radiaUy expanding the casing 2155 
30 during operation of the apparatus 2100 in order to increase the surface area of 
the casing 2155 acted tipon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 
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Alternatively, the apparatus 2100 may be used to join a first section of 
pipeline to an existing, section of pipeline. Alternatively, the apparatus 2100 
may be used to directly line the interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable material. Alternatively, the 
5 apparatus 2100 may be used to expand a tubular support member in a hole. 
Referring now to Figures 17, 17a and 17b, another embodiment of an 
apparatus 2300 for expanding a tubular membCT will be'described. The 
apparatus 2300 preferably induded a drillpipe 2305, an innerstring adapter 
2310, a sealing sleeve 2315, a hydraulic slip body 2320, hydraulic slips 2325, an 
10 inner sealing mandrel 2330, an upper sealing head 2335, a lower sealing head 
2340, a load mandrel 2345, an outer sealing mandrel 2350, an expansion cone 
2355, a mechanical slip bo^y 2360, mechanical slips 2365, drag blocks 2370, 
casing 2375, fluid passages 2380, 2385, 2390, 2395. 2400. 2405, 2410, 2415, and 
2485, and mandrel launcher 2480. 
15 The drillpipe 2305 is coupled to the innerstring adapter 2310. During 

operation of the sfiparatua 2300, the drillpipe 2305 supports the i^paratus 
2300. The drillpipe 2305 prrferably conqirises a substantially hollow tubular 
member or members. The drillpipe 2305 may be fabricated from any number of 
conventional oommerdaUy available materials such as, for example, oilfield 
20 country tubular goods, low allqy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the drillpipe 2305 
is fabricated from coiled tubing in order to faciliate the placemmt of the 
apparatus 2300 in non-vertical wdlbores. The drill]npe 2305 may be coupled to 
the innerstring adapter 2310 using any number of conventional commercially 
25 available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, or a standard 
threaded connection. In a p re f erred embodiment, the drillpipe 2305 is 
removabfy coupled to the innerstring adapter 2310 by a driUpipe connection. 
The drillpipe 2305 preferably includes a fluid passage 2380 that is 
30 adapted to convey fluidic mjitgn fliiy a surface location into the fluid 

passage 2385. In a preferred embodiment, the fluid passage 2380 is adapted to 
convey fluidic materials such as, for example, cement, wat», epoxy, drilling 
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muds, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 pd and 0 to 5,000 gaUona/ininute in order to optiinaQy provide 
operational efiSdency. 

The innerstring adapts 2310 is coupled to the drill string 2305 and the 
5 sealing sleeve 2315. The innerstring adapter 2310 prefei^ljr oon4m8e8 a 
substant i ally hallow tubular member or ta&aahets. The innerstring adapter 
2310 may be fahricated from any number of conventional oommerdaUy 
avaOable materials such as, for ezamptei oilfield country tubular goods, low 
alloy steel, carbon steel, stainless sted or other similar high strength materials. 
10 In a preferred onbodiment, the innerstring adapter 2310 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The innerstring adapter 2310 may be coupled to the drill string 2305 
using any number of conventional conunerdally avaflable medianical couplings 
15 such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2310 is removably coupled to 
the drill pipe 2305 by a drillpipe connection. The innerstring adapter 2310 may 
be coupled to the sealing sleeve 2315 using any number of conventional 
20 commercial^ available mechanical coufdings such as, for example, a drillpipe 
connection, oilfield country tubular goods specialty threaded connection, or a 
standard threaded connection. In a preferred embodimenti the innerstring 
adapter 2310 is removably coupled to the sealing sleeve 2315 hy a standard 
threaded connection. 
25 The innerstring adapter 2310 preferably includes a fluid passage 2385 

that ia adapted to convey fluidic materials fimn the fluid passage 2380 into the 
fluid passage 2390. In a preferred onbodimnt, the fluid passage 2385 is 
adapted to convey fluidic materials such aa, for exanq)le, cement, epoxy, water, 
drilling mud, drilling gaaea or lubricants aft operating preeaurea and flow rates 
30 ranging from about 0 to 9,000 pd and 0 to 3,000 gallons/minute. 

The sealing sleeve 2315 is coupled to the innerstring adapter 2310 and 
the hydraulic slip body 2320. The sealing sleeve 2315 preferably comprises a 

-131- 

SUBSTITUTE SHEET (RULE 26) 



WO00/T7431 



PCT/ILOO/00245 



substantiatty hollow tubular member or members. The sealing sleeve 2SI5 may 
be fabricated firom any number of conventional commerciaUy available 
materials such as, for example, oilfidd country tubidar goods, low alloy steel, 
carbon steel, stainless steel or other similar high stroigth materials. In a 
5 preferred embodiment, the sealing sleeve 2315 is fabricated firom stainless steel 
in order to optimally provide hi^ strength, corrosion resistance, and low* 
friction surfaoes. 

The sealing sleeve 2315 may be coupled to the innerstring adapts 2310 
using any number of conventional commercially available mechanical couplings 
10 such as, for example, drillpipe connections, oilfield coimtry tubular goods 
specialty threaded connections, or a standard threaded connection. In a 
preferred embodiment, the sealing sleeve 2315 is removably coupled to the 
innerstring adapter 2310 by a standard threaded connection. The sealing sleeve 
2315 may be coupled to the hydraulic slip bo4y 2320 using any number of 

15 conventional commercially available mechanical couplings such as, for example, 
drillpipe connection, oilfield coimtzy tubular goods specialty threaded 
connection, or a standard threaded connection. In a p r ef err e d embodiment, the 
sealing sleeve 2315 is removab^ coupled to the hydraulic slip bo^y 2320 fay a 
standard threaded connection. 

20 The sealing sleeve 2316 preferably includes a fluid passage 2390 that is 

adapted to convey fluidic materials from the fluid passage 2385 into the fluid 
passage 2395. In a prrferred embodiment, the fluid passage 2315 is adapted to 
convey fluidic matmala such as, for example, cementi eposy, water, drilling 
mud or lufarieanta at operating pressures and flow rates ranging from about 0 to 

25 9,000 psi and 0 to 3,000 gaUona/minute. 

The hydraulic slip bo4y 2320 is coupled to the sealing sleeve 2315, the 
hydraulic slips 2325, and the inner sealing mandrd 2330. The hydraulic slip 
bo^y 2320 preferably comprises a substantially hollow tubular member or 
members. The hydraulic slip body 2320 may be fabricated from any number of 

30 conventional commercially available materials such as, for example, oilfidd 
country tubular gopds^ low alloy steel, carbon steel, stainless steel or other high 
strength materiaL In a preferred embodimenti the hydraulic slip body 2320 is 
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fabricated from carbon steel in order to optimally provide hi^ strength at low 
coat. 

The hydraulic slip body 2320 may be coupled to the sealing sleeve 2315 
using any number of conventional commercial^ available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred embodiment, the hydraulic slip body 2320 is removably coupled to the 
sealing sleeve 2315 by a standard threaded connection. The hydraulic slip body 
2320 may be coupled to the slips 2325 using any number of conventional 
10 oommerdally available mechanical coupUnge such aa, for example, drillpipe 
connection, oilfield oountoy tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is removably coupled to the slips 
2325 by a standard threaded connection. The hydraulic slip body 2320 may be 
15 coupled to the inn^ sealing mandrel 2330 using any number of conventional 
commercially available merhanicBl couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection, 
welding, amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2320 is removably coupled to the inner 
20 sealing mandrel 2330 by a standard threaded connection. 

The hydraulic slips body 2320 preferably indudes a fluid passage 2395 
that is adapted to convey fluidic materials fit>m the fluid passage 2390 into the 
fluid passage 2405. In a preferred embodiment, the fluid passage 2395 is 
adi^ted to conv^ fluidic materials such as, for example, cement, epoxy, water, 
25 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pai andO to 3,000 gaUonsAninute. 

The hydraulic slips body 2320 preferably includes fluid passage 2400 that 
are adapted to convey fluidic materials firom the fluid passage 2395 into the 
preaaure chambers 2420 of the hydraulic slips 2325. In this manner, the slips 
30 2325 are activated upon the pressurization of the fluid passage 2395 into 
contact with the inside surface of the casing 2375. In a preferred embodiment, 
the fluid passages 2400 are adapted to convey fluidic materials such as, for 
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example, water, drilling mud or lubricants at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallona^unute. 

The slips 2325 are coupled to the outside surface of the hydraulic slip 
bo4y 2320. During operation of the apparatus 2300, the slips 2325 are activated 
5 upon the pressurization of the fluid passage 2395 into contact with the inside 
surface of the casing 2375. In this manner, the slips 2325 Tnf>infan> the casing 
2375 in a substantially stationaiy position. 

The slips 2325 preferably include the fluid passages 2400, the pressure 
chambers 2420, spring bias 2425, and slip members 2430. The slips 2325 may 
10 comprise any number of convoitional commerdally available hydraulic slips 
such as, for example, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. In a preferred embodiment, the 
slips 2325 comprise RTTS packer tungsten carbide hydraulic slips available 
from Hallibtirton Energy Services in order to optimaUy provide resistance to 
15 axial movement of the casing 2375 during the radial eaqmnsion process. 

The inner sealing mandrd 2330 is coupled to the hydraulic slip body 
2320 and the lower sealing head 2340. The inner sealing mandrel 2330 
preferably comprises a substantiality hollow tubular member or members. The 
inn V sealing mandrel 2330 may be fabricated from any number of conventional 
20 comm^tiaUy available materiab sudi as, for example, oilfield country tubular 
goods, low alloy steel, carbon sted, stainless steel or other similar high strength 
materiala. In a preferred embodiment, the inner sealing mandrel 2330 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 
25 The inner sealing mandrel 2330 may be coupled to the hydraulic slip 

body 2320 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe coimection, oilfield country tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodimnti the inner sealing 
30 mandrel 2330 is removably coupled to the hydraulic slip bo4y 2320 by a 

standard threaded connection. Hie inner sealing mandrel 2330 may be coupled 
to the lower sealing head 2340 using any number of conventional commercially 
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available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the inner sealing mandrel 2330 is removably coupled to the lower 
5 sealing head 2340 by a standard threaded connection. 

The inner sealing mandrel 2330 preferabfy includes a fluid passage 2405 
that is adapted to convqr fluidic materials from tiie fluid passage 2S95 into the 
fluid passage 2415. In a prieferred embodiment, the fluid passage 2405 is 
adapted to convey fluidic materials such as, for example, cement, eptay, water, 
10 driUing mud, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallonaMiute. 

The upper sealing head 2335 is coupled to the outer sealing mandrel 
2345 and expansion cone 2355. The upper sealing head 2335 is also movable 
coupled to the outer surface of the inner sealing mandrd 2330 and the inno- 
15 surface of the casing 2375. In this msnner, the upper sealing head 2335 
reciprocates in the axial direction. The radial clearance between the inner 
cylindrical surface of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 may range, for example, from about 0.0025 to 0.05 
inches. In a preferred embodiment, the radial dearance between the inner 
20 qylindrical surface of the upper sealing head 2335 and the outer surface of the 
inner sealing mandrel 2330 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal clearance. The radial clearance between the outer 
(gdindrical surface of the iipper sealing head 2335 and the inn^ surface of the 
casing 2375 may range, for example, from about 0.025 to 0.375 inches. In a 
25 preferred embodiment, the radial clearance betweoi the outer CTUndrical 
surface of the upper sealing head 2335 and the inner surface of the casing 2375 
ranges from about 0.025 to 0.125 inches in order to optinialty provide 
stabilisation for the expansion cone 2355 during the expansion process. 

The uppCT sealing head 2335 preferabfy comprises an annular member 
30 having substantially qdindrical inner and outg surfaces. The un>er sealing 
head 2335 may be fabricated from any number of convmtional oonunerdaUy 
available materials such as, for example, oilfield country tubular goods; low 
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alloy steel, carbon steel, stainless steel or other similar high strength materiab* 
In a preferred embodiment^^the upper sealing head 2335 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The inner surface of the upper sealing head 2335 
5 preferably includes one or more annular sealing members 2435 for sealing the 
interface between the upper sealing head 2335 and the inner sealing mandrel 
2330. The sealing members 2435 may comprise any number of conventional 
commercially available annular sealing members such as, for example, o-rings, 
polypak seals or metal spring energized seals. In a preferred embodiment, the 
10 sealing members 2435 comprise polypak seals available from Parker Seals in 
order to optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2335 includes a 
shoulder 2440 for supporting the upper sealing head on the lower sealing head 
1930. 

15 The upper sealing head 2335 may be coupled to the outer sealing 

mandrel 2350 using any number of conventional commercially available 
mechanical couplinga such as, for example, drillpipe connection, oilfield countiy 
tubular goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded coimection. In a preferred embodiment, the upper sealing 

20 head2335isremovably coupled to the outer sealing mandrel 2350 by a 
standard threaded connection. In a preferred embodiment, the mechanical 
coupling between the upper sealing head 2335 and the outer sealing mandrel 
2350 indudea one or more sealing members 2445 for fluididy sealing the 
interface betwera the ui^>er sealing head 2335 and the outer sealing mandrel 

25 2350. The sealing members 2445 may comprise any number of conventional 
commercial^ available sealing members such as, for example, o-ringa, polypak 
seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2445 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes. 

30 The lower sealing head 2340 is coupled to the inner sealing mandrel 2330 
and the load mandrel 2345. The lower sealing head 2340 is also movably 
coupled to the inner siurface of the outer sealing mandrd 2350. In manner, 
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the upper sealing head 2335 and outer sealing mandrel 2350 reciprocate in the 
axial direction. . The radial c}earancre between the outer surface of the lower 
sealing head 2340 and the inner surface of the outer sealing mandrel 2350 may 
range, for example, from about 0.0025 to 0.05 inches. In a preferred 
5 embodiment, the radial clearance between the outer surface of the lower sealing 
head 2340 and the inner surface of the outer sealing mandrel 2350 ranges from 
about 0.005 to 0.010 inches in order to optimaUy provide fninitna; radial 
clearance. 

The lower sealing head 2340 preferabfy comprises an annular member 
10 having substantiaUy cylindrical inner and outs surfaces. The lower sealing 
head 2340 ma^ be fabricated fit>m any number of cbnvoitional ooDEm&ercially 
available materials such as, for example, oilfield tubular membera, low alloy 
steel, carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodiment, the lower sealing head 2340 is fabricated from stainless 
15 steel in order to optimaUy provide hi^ strength, corrosion resistance, and low 
friction surfaces. The out^ surface of the lower sealmg head 2340 preferably 
includes one or more annular sealing members 2450 for sealing the interface 
between the lower sealing head 2340 and the outer sealing mandrel 2350. The 
sealing members 2450 may comprise any number of conventional commercially 
20 available annular sealing members such as, for example, o-rings, polypak seals 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 2450 comprise polypak seals available bom Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

The lower sealing head 2340 may be coupled to the inner sealing mandrel 
25 2330 using any numb« of conventional commerdaUty available i»M>*4^ftni^l 
couplings such as, for example, drillpipe connection, oilfield country tubular 
specialty threaded connection, welding, amorphous bonding, or standard 
threaded connection. In a preferred embodiment, the lower sealing head 2340 
is removably coupled to the inner sealing mandrel 2330 by a standard threaded 
30 connection. In a preferred embodiment, the mechanical coupling between the 
lower sealing head 2340 and the inner sealing mandrel 2330 includes one or 
more sealing members 2455 for fluididy sealing the interface between the lower 
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sealing head 2340 and the izmer sealing mandrd 2330. The sealing members 
2455 may comprise any number of conventional commercially available sealing 
members audi as» for example, o-rings, polypak or metial spring energized seals. 
In a preferred embodiment^ the sealing members 2455 comprise polypak seals 
5 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke length. 

The lower sealing head 2340 may be coupled to the load mandrd 2345 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 

10 specialty threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment^ the lower sealing head 2340 
is removab^ coupled to the load mandrel 2345 by a standard threaded 
connection. In a preferred embodiment^ the mechanical coupling between the 
lower sealing head 2340 and the load mandrel 2345 includes one or more 

15 sealing members 2460 for fluididy sealing the interface between the lower 
sealing head 2340 and the load mandrel 2345. The sealing members 2460 nuQr 
comprise any number of conventional commercial^ available Mah'Tyg members 
such as, for exanqde, o-ringa, polypak seals or metal spring energized seab. In a 
. preferred embodiment» the seating members 2460 comprise polypak seals 
20 available from Parker Seala in order to optimally provide sealing for a long axial 
stroke length. 

In a preferred embodiment, the lower sealing head 2340 includes a throat 
passage 2465 fluididy coupled between the fluid passages 2406 and 2415, The 
throat passage 2465 is preferably <tf reduced size and is adapted to receive and 

25 engage with a plug 2470, or other similar device. In this manner, the fluid 
passage 2405 is fluidicly isolated from the fluid passage 2415. In this manner, 
the pressure chamber 2475 is pressurized. 

The outer sealing mandrel 2350 is coupled to the upper sealing head 
2335 and the expansion cone 2355. The outer sealing mandrel 2350 is also 

30 movably coufrfed to the inner surface of the casing 2375 and the outer surface of 
the lower sealing head 2340. In this manner, the upper sealing head 2335, 
outer sealing noandrel 2350, and the expansion cone 2365 reciprocate in the 
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axial directioQ. The radial clearance between the outer siirface of the outer 
sealing mandrel 2350 and the inner, surface of the casing 2375 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2350 
5 and the inner surface of the casing 2375 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2355 
during the expansion process. The radial clearance between the inner surface 
of the outer sealing mandrel 2350 and the outer surface of the lowo* sealing 
head 2340 may range, for exaimple, from about 0.0025 to 0.375 inches. In a 
10 preferred embodiment, the radial clearance between tiie inner surface of the 
outer sealing mandrel 2350 and the outer surface of the lower sealing head 2340 
ranges from about 0.005 to 0.010 inches in order to optimally provide tninimni 
clearance. 

The outer sealing mandrel 2350 preferably comprises an annular 
15 meniber having substanttaUy cylindrical inner and outer surfaces. The outer 
sealing mandrel 2350 may be fabricated from any number of conventional 
commerdaUy available materials such as, for example, low alloy steel, carbon 
steel, stainless steel or otfan similar high strength materials. In a preferred 
embodimenti the outer sealing mandrel 2350 is fabricated &om stainless steel 
20 in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The outer sealing mandrel 2350 may be coupled to the upper sealing 
head 2335 using any number of conventional oonunerdally available mechanical 
couplings such as, for example, drillpipe connections, oilfidd country tubular 

25 goods specialty threaded connections, welding, amorphous bonding, or a 
standard threaded connection. In a prefenred raibodiment^ the outer sealing 
mandrel 2350 is removabfy coupled to the upper sealing head 2335 by a 
standard threaded connection. The outer sealing mandrel 2350 may be coupled 
to the expansion .cone 2355 using any number of conventional commercially 

30 available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
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embodimmtt the outer sealing mandrel 2350 is removably coupled to the 
expansion cone .2355 )jy a standard threaded connection. 

The upper sealing head 2335, the lower sealing bead 2340, the inner 
sealing mandrel 2330, and the outer sealing mandrel 2350 together define a 
5 pressure chamber 2475. The pressure chamber 2475 is fluidicly coupled to Uie 
passage 2405 via one or more passages 2410. During operation of the apparatus 
2300, the plug 2470 engages with the throat passage 2465 to fluididy isolate the 
fluid passage 2415 from the fluid passage 2405. The pressure chamber 2475 is 
then pressurized which in turn causes the upper sealing head 2335, outer 
10 sealing mandrel 2350, and expansion cone 2355 to reciprocate in the axial 
direction. The axial motion of the expansion cone 2355 in turn expands the 
casing 2375 in the radial direction. 

The load mandrel 2345 is coupled to the lower sealing head 2340 and the 
mechanical slip body 2360. The load mandrel 2345 preferably comprises an 
15 annular member having substantiaUy (^dindrical inner and outer surfer The 
load mandrel 2345 may be fabricated from any number of conventional 
commerdaUy available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar liie»» strength 
materials* In a preferred embodiment, the load mandrel 2345 is fabricated from 
20 stainless sted in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. 

The load mandrd 2345 may be coupled to the lower sealing head 2340 
using any number of canventional oommerciaUy available mechanical couplings 
such as, for exanqde, driOpipe connection, oilfidd country tubular goods 
25 specialty threaded connection, welding, amorphous bonding or a standard 
thre ad ed connection. In a preferred embodiment, the load mandrel 2345 is 
removably coupled to the Iowa: sealing head 2340 by a standard threaded 
connection. The load mandrd 2345 may be coupled to the mechanical slip body 
2360 using any number of conventional commercially available mechanical 
30 couplings such as, for example, drillpipe connection, oilfield cotmtry tubular 
goods specialty thrjeacled connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the load mandrel 
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2345 is removably coupled to the mechanical slip body 2360 by a standard 
threaded connection. 

The load mandrel 2345 preferably includes a fluid passage 2415 that is 
adapted to convey fluidic materials firom the fluid passage 2405 to the region 
5 outside of the apparatus 2300. In a preferred embodiment, the fluid passage 
2415 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 pai and 0 to 3,000 galions^unute. 

The expansion cone 2355 is coupled to the outer sealing mandrel 2350. 
10 The expansion cone 2355 is also movably coupled to the inner surface of the 
casing 2375. In this manner, the upper sealing head 2335, outer sealing 
mandrel 2350, and the expansion cone 2355 redprocate in the axial direction. 
The reciprocation of the expansion cone 2355 causes the casing 2375 to expand 
in the radial direction* 
15 The expansion cone 2355 preferably comprises an awmi^r member 

having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range» for example, from about 2 to 34 
inches. In a preferred embodimenti the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optimally provide radial 
20 expansion of the typical casings. The axial length ofthe expansion cone 2355 
may range, for example, from about 2 to 8 times the largest outside diameter of 
the expansion cone -2365. In a preferred embodiment, the axial length of the 
expansion cone 2355 ranges from about 3 to 5 times the largest outside 
diameter of the expansion cone 2355 in order to optimally provide stabihty and 
25 centralization of the expansion cone 2355 during the expansion process. In a 
preferred embodiment, the angle of attack of the expansion cone 2355 ranges 
from about 5 to 30 degrees in order to optimally frictional forces with radial 
expansion forces. The optimmn angle of attack of the expansion cone 2355 will 
vary as a function ofthe operating parameters ofthe particular expansion 
30 operation. 

The expansion bone 2355 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 
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tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
hi^ strength nsaterials. In a preferred embodiment, the expansion cone 2355 
is fabricated from D2 machine tool steel in order to optimally provide high 
strength, abrasion resistance, and galling resistance. In a particularly preferred 
5 embodiment, the outside surface of the expansion cone 2355 has a surface 
hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
high strength, abrasion resistance, resistance to galling: 

The expansion cone 2355 may be coupled to the outside sealing mandrel 
2350 using any number of conventional commerdaUy available mechanical 
10 couplings such as, for example, drillpipe connection, oilfield coimtiy tubular 
goods specialty threaded connection, welding, amorphous bonding, or a 
standard threaded connection* In a preferred embodiment, the expansion cone 
2355 is coupled to the outside sealing mandrel 2350 using a standard threaded 
connection in order to optimally provide high strength and permit the 
15 expansion cone 2355 to be easily replaced. 

The mandrel launcher 2480 is coupled to the casing 2375. The mandrel 
launcher 2480 comprises a tubular section of casing having a reduced wall 
thickness conq>ared to the casing 2375. In a preferred embodiment, the wall 
thickneRs of the mandrel launcher 2480 is about 50 to 100 % of the wall 
20 thickness ofthe casing 2375. In this manner, the initiation of the radial 

expansion of the casing 2375 is facilitated, and the placement of the apparatus 
2300 into a wellbore casing and weUbore ia facilitated. 

The mandrel launcher 2480 migf be coupled to the casing 2375 using any 
number of conventional mechanical coufdingB. The mandrel launcher 2480 may 
25 have a wall thickneaa ranging for exanqde, from about 0.15 to 1.5 indies. In a 
preferred embodiment, the wall thickness ofthe mandrel launcher 2480 ranges 
from about 0.25 to 0.75 inches in order to optimal^ provide high strength in a 
mininial profile. The mandrel launcher 2480 may bii fabricated from any 
number of conventional commercially available such as, for example, 

30 oilfield tubular goods, low alloy steel, carbon steel, stainless steel or oth^ 
similar high strength 'materials. In a preferred embodiment, the mandrel 
launcher 2480 is fabricated from oilfield tubular gooda having a higher strength 
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than that of the casing 2375 but with a smaller wall thickness than the casing 
2375 in order tq optimally provide a . thin walled container having approximately 
the same burst strength as that of the casing 2375. 

The mechanical slip body 2460 is coupled to the load mandrel 2345, the 
5 mechanical slips 2365, and the drag blocks 2370. The mechanical slip body 
2460 preferably comprises a tubular member having an inner passage 2485 
fluididy coupled to the passage 2415. In this manner, fluidic f»a*:«rin|g may be 
conveyed from the passage 2484 to a region outside of the apparatus 2300. 

The mechanical slip bo<|y 2360 may be coupled to the load mandrel 2345 
10 using any number of conventional mechanical couplings. In a preferred 
embodiment^ the mechanical slip body 2360 is removably coupled to the load 
mandrel 2345 using threads and sliding steel retaining rings in order to 
optimally provide a hi^ strength attachment The mechanical shp body 2360 
may be coupled to the mechanical slips 2365 using any number of conventional 
15 mechanical couplings. In a preferred embodiment^ the medianical slip body 
2360 is removably coupled to the mechanical slips 2365 using threads and 
sliding steel retaining rings in order to optimally provide a hi^ strength 
attachment The mechanical slip body 2360 may be coupled to the drag blocks 
2370 using any number of conventional mechanical couplings. In a preferred 
20 embodiment, the mechanical slip body 2360 is removably coupled to the drag 
blocks 2365 using t hread s and sliding steel retaining rings in order to optimally 
provide a high strength attachment 

The mechanical slips 2365 are coupled to the outside surface of the 
mechanical slip bo4y 2360. During operation of the apparatus 2300» the 
25 mechanical slips 2365 prevent upward movment of the casing 2375 and 
mandrel launcher 2480. In this manner, during the axial reciprocation of the 
expansion cone 2355, tbe casing 2375 and mandrel launcher 2480 are 
main t ain ed in a substantial^ stationaiy position. In this manner, the mandrel 
launcher 2480 and casing 2375 are expanded in the radial direction by the axial 
30 movement of the expansion cone 2355. 

The mechanical slips 2365 may comi»ise any number of conventional 
commercially available mechanical slips such as, for example, RTTS packer 
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tungsten carbide mechanical slips, RTTS packo* wicker type mechanical slips or 
Model 3L retrievable.bridge phig tungsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 2365 conqnise RTTS packer 
tungsten carbide mechanical slips available from Halliburton Energy Services 
5 in ord^ to optimally provide resistance to axial movement of the casing 2375 
during the expansion process. 

The drag blocks 2370 are coupled to the outside surface of the 
mechanical slip body 2360. During operation of the apparatus 2300, the drag 
blocks 2370 prevent upward movement of the casing 2375 and mandrd 
10 launcher 2480. In this manner, during the axial reciprocation of the expansion 
cone 2355, the casing 2375 and mandrel launcher 2480 are maintained in a 
substantially stationery position. In this manner, the mandrel launcher 2480 
and casing 2375 are expanded in the radial direction by the axial movement of 
the expansion cone 2355. 
15 The drag blocks 2370 may comprise any nundber of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment^ the drag blocks 2370 conqirise RTTS packer mechanical 
drag blocks available from Halliburton Energy Services in order to optimally 
20 provide resistance to axial movement of the casing 2375 during tiie expansion 
process. 

The casing 2375 ia coupled to the mandrel launcher 2480. The casing 
2375 is further removah^ coupled to the mechanical slips 2365 and drag blocks 
2370. The casing 2375 preferably comprises a tubular member. The casing 

25 2375 may be fabricated from any number of conventional commercially 
available materiala such as, for example, slotted tubulars, oil country tubidar 
goods, carbon steel, low allqy steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the casing 2375 is fabricated from 
oilfield country tubular goods available from various foreign and domestic steel 

30 mills in order to optimally provide high strength. In a preferred embodiment, 
the upper end of the casing 2375 includes one or more sealing members 
positioned about the exterior of the casing 2375. 
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During operation, the apparatus 2300 is positioned in a wellbore with the 
upper end of the casing 2375 positioned in an overlapping relationship within 
an existing wellbore casing. In order minimize surge pressures within the 
borehole during placement of the apparatus 2300, the fluid passage 2380 is 
5 preferably provided with one or more pressure relief passages. During the 
placement of the apparatus 2300 in the wellbore, the casing 2375 is supported 
by the expansion cone 2355. 

After positioning of the iq[iparatu8 2300 within the bore hole in an 
overlapping relatjonship with an existing section of wdlbore casing, a first 
10 fluidic material is pumped into the fluid passage 2380 firom a surface location. 
The first fluidic material is conveyed from the fluid passage 2380 to the fluid 
passages 2385. 2390, 2395, 2405, 2415, and 2485. The first fluidic material will 
then exit the apparatus 2300 and fiU the annular region between the outside of 
the apparatus 2300 and the interior waUs of the bore hole. 
15 The first fluidic material may comprise any number of conventional 

conunerdaQy available materials such aa, for example, epoiQf, drilling mud, slag 
mix, cement, or water. In a preferred embodiment^ the first fluidic material 
comprises a hardenable fluidic sealing material such aa, for example, slag miT^ 
^po3ty, or cement. In this manner, a wellbore casing having an outer annular 
20 layer of a hardenable material may be formed. 

The first fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi, and 0 to 3,000 gallons/minute. In a prefwred embodiment, the first fluidic 
material is pumped into the apparatus 2300 at opmiting pressures and flow 

25 rates ranging from about 0 to 3,500 pei and 0 to 1,200 gaUona/minute in order 

to optimally provide operational eflldengr. 

At a predetermined point in the ii^ection of the first fluidic material such 

as, for exanqile, after the annular region outside of the q>paratua 2300 has been 

filled to a predetermined level, a plug 2470, dart, or other sinular device is 
30 introduced into the first fluidic material The plug 2470 lodges in the throat 

passage 2465 tiierd>y fluididy isolating the fluid passage 2405 from the fluid 

passage 2415. 
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After placement of the plug 2470 in the throat passage 2465, a second 
fluidic matmal js pumped into the fluid passage 2380 in order to pressurize the 
pressure chamber 2475. The second fluidic material may comprise any number 
of conventional conomerdally available materials such as, for example, water, 
5 drilling gases, drilling mud or lubricants. In a preferred embodiment, the 
second fluidic material comprises a non-hardenable fluidic matOTal such as, for 
example, water, drilling mud or lubricant 

The second fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
10 psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the apparatus 2300 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in 
order to optimally provide operational efficiency. 

The pressurization of the pressure chamber 2475 causes the upper 
15 sealing head 2335, outer sealing mandrel 2350, and expansion cone 2355 to 
move in an axial direction. The pressurization of the pressure chamber 2475 
also causes the hydraulic slips 2325 to expand in the radial direction and hold 
the casing 2375 in a substantially stationaiy position. FWthermore, as the 
expansion cone 2355 moves in the axial direction, the expansion cone 2355 pulls 
20 the mandrel launcher 2480 and drag blocks 2370 along; which sets the 
mechanical slips 2365 and stops further axial movement of the mandrd 
launcher 2480 and casing 2375. In this manns, the axial movement of the 
expansion cone 2355 radially expands the mandrel launcher 2480 and casing 
2375. 

25 Once the upper sealing head 2335, outer sealing mandrel 2350, and 

expansion cone 2355 complete an axial stroke, the operating pressure of the 
second fluidic material is reduced The reduction in the operating pressure of 
the second fluidic material releases the hydraulic slips 2325. The drill string 
2305 is then raised. This causes the inner sealing mandrel 2330, lower sealing 

30 head 2340, load mandrel 2345, and mechanical slip bodty 2360 to move upward. 
This unsets the mechanical slips 2365 and permits the mechanical slips 2365 
and drag blocks 2370 to be moved within the mandrel launcher 2480 and casing 
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2375. When the lower sealing head 2340 contacts the upper sealing head 2335, 
the second fluidic material is again pressumed and the radial expansion process 
continues. In this manner, tiie mandrel launcher 2480 and casing 2375 are 
radial expanded through repeated axial strokes of the upper aealipg head 2335, 
5 outer sealing mandrel 2350 and expansion cone 2355. Throu^put the radial 
expansion process, the upper end of the casing 2375 is preferably maintained in 
an overlapping relation with an existing section of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 
2375 is expanded into intimate contact with the inside surface of the lower end 

10 of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 2375 provide a fluidic seal 
between the outside surface of the upper end of the casing 2375 and the inside 
surface of the lower end of the existing wdlbore casing. In a preferred 
embodiment^ the contact pressure between the casing 2375 and the existing 

IS section of wellbore casing ranges from about 400 to 10,000 pd in order to 
optimally provide contact pressure, activate the sealing members, and 
withstand typical tensile and compressive loading conditions. 

In a preferred embodiment, as the expansion cone 2355 neais the upper 
end of the casing 2375, the operating pressure of the second fluidic material is 

20 reduced in order to minimize shock to the apparatus 2800. In an alternative 
embodiment, the apparatus 2300 includes a ahock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2375. 

In a preferred embodiment^ the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2355 

25 nears the end of the casing 2375 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2355. In a pr^erred embodiment, 
the operating pressure of the second fluidic material is reduced during the 
return stroke of the i^paratus 2300 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2355 during the 

30 return stroke. In a preferred embodiment, the stroke length of the apparatus 
2300 ranges from about 10 to 45 feet in order to optimally provide equipment 
that can be handled by typical oil well rigging equipment and minimize the 
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frequency at which the expansion cone 2355 must be stopped to pennit the 
apparatus 2300. to be. re-stroked. 

In an alternative embodiment^ at least a portion of the upper sealing 
head 2335 indndes an expansion cone for radially expanding the mandrel 
5 launcher 2480 and casing 2375 during operation of the apparatus 2300 in order 
to increase the surface area of the casing 2375 acted upon during the radial 
expansion process. In this manner, the operating pressures can be reduced. 

In an alternative embodiment^ mechanical slips 2365 are positioned in an 
adal location between the sealing sleeve 2315 and the inner sealing mandrel 
10 2330 in order to optimally the construction and operation of the apparatus 
2300. 

Upon the complete radial expansion of the casing 2375, if applicable, the 
first fluidic material is permitted to cure within the annular region between the 
outside of the expanded casing 2375 and the interior walls of the weUbore. In 
15 the case where the casing 2375 is slotted, the cured fluidic material preferably 
permeates and envelops the expanded casing 2375. In this manner, a new 
section of wellbore casing is formed within a weUbore. Alternatively, the 
apparatus 2300 may be used to join a Grst section of lapeline to an existing 
section of pipeline. Alternatively, the qsparatus 2300 may be used to directly 

20 line the interior of a wellbore with a casing, without the use of an outer annular 
layer of a hardenable material. Altemativebr, the i^paratus 2300 may be used 
to expand a tubular support member in a hole. 

During tlie radial CTpanaion process, the pressurized areas of the 
apparatus 2300 ore limited to the fluid passages 2380, 2386, 2390, 2395, 2400, 

25 2405, and 2410, and the pressure chamber 2475. No fluid pressure acts directly 
on the mandrd launcher 2480 and casing 2375. This permits the use of 
operating pressures higher than the mandrel launch^ 2480 and casing 2375 
could normally withstand 

Referring now to Figure 18, a preferred embodiment of an apparatus 

30 2500 for forming a mono*diameter wellbore casing will be described The 
apparatus 2500 preferably includes a drillpipe 2505, an innerstring adapter 
2510, a sealing sleeve 2515, a hydraulic slip body 2520, hydraulic slips 2525, an 
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inner sealing mandrel 2530, upper sealing head 2535, lower sealing head 2540, 
outer sealing mandrel 2545, load mandrel 2550, expansion cone 2555, casing 
2560, and fluid passage 2565, 2570, 2575, 2580, 2585, 2590, 2595, and 2600. 
The drillpipe 2505 is coupled to the inn^tring adapter 2510. During 
5 operation of the apparatus 2500, the drillpipe 2505 supports the apparatus 
2500. The dziUpipe 2505 preferably comprises a substantially hoUow tubular 
member or members. The drillpipe 2505 may be fabricated from any number of 
convoitional commerciaUy available materials such as, for example, oilfield 
countiy tubular goods, low alloy steel, carbon steel, stainless steel or other 

10 similar high strength materials. In a preferred embodiment, the drillpipe 2505 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 2500 in non-vertical wellbores. The drillpipe 2505 m^ be coupled to 
the innerstring a d apte r 2510 using any number of conventional conmierdally 
available mechanical couplings such as, for exanqile, drillpipe connection, 

15 oilfield country tubular goods specialty threaded connection, or a standard 
threaded connection. In a preferred embodiment, the drillpipe 2505 is 
removably coupled to the innerstring adapter 2510 by a drillpipe connection, a 
drillpipe connection provides the advantages of high strength and easy 
disassembly. 

20 The drillpipe 2505 preferably includes a fluid passage 2565 that is 

adapted to convey fluidic materials from a surface location into the fluid 
passage 2570. In a preferred embodiment^ the fluid passage 2565 is adapted to 
convey fluidic materials such as, for example, cement, epojQr, water, drilling 
mud, or lubricants at operating pressures and flow rates ranging from about 0 

25 to 9,000 psi and 0 to 3,000 gallong/minute. 

The innerstring adapter 2510 is coupled to the drill string 2505 and the 
sealing sleeve 2515. The innerstring adi^ter 2510 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapter 
2510 may be £Ed>ricated fitim any number of conventional commercially. 

30 available materiala such as, for example, oilfield country tubular goods, low 
alloy steel, carbon stedl, stainless steel or other simflar high strength materials. 
In a preferred embodiment, the innerstring adapter 2510 is fabricated from 
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Stainless steel in order to optimally provide high strength, corrosion resistance, 
and low frictiou surfaces. 

The innerstxing ad^ter 2510 may be coupled to the drill string 2505 
using any number of conventional commerdally available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded coimection, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2510 is removably coupled to 
the drill pipe 2505 by a drillpipe connection. The innerstring adapter 2510 may 
be coupled to the sealing sleeve 2515 using any number of conventional 

10 commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tiibular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innmtring adapter 2510 is.removably ooiq>led to 
the sealing sleeve 2515 by a standard threaded connection. 

15 The innerstring adapter 2510 preferably includes a fluid passage 2570 

that is adapted to convey fluidic materials from the fluid passage 2565 into the 
fluid passage 2575. In a pr ef erred embodim«t» the fluid passage 2570 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 

20 about 0 to 9,000 psi and 0 to 3,000 gallonsAninute. 

The sealing sleeve 2515 is coupled to the innerstring adapter 2510 and 
the hydraulic slip body 2520. The sealing sleeve 2515 preferably comprises a 
substantiaUy hollow tubular member or members. The sealing sleeve 2515 may 
be fabricated from any namba' of conventional oomnmdalfy anraflable 

25 materials sudi as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. In a 
preferred embodimoit, the sealing sleeve 2515 is fabricated from stainless steel 
in order to optimaily provide high strength, corrosion resistance, and low* 
friction surfaces. 

30 The sealing sleeve 2515 may be coupled to the innerstring adapter 2510 

using any number .of conventional conmierdally available mechanical couplings 
such as, for example, drillpipe connections, oilfield country tubular goods 
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specialty type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection, In a preferred embodiment, the sealing sleeve 
2515 is removably coupled to the inneretring adapter 2510 by a standard 
threaded connection. The seaUng sleeve 2515 may be coupled to the hydraulic 
5 sUp body 2520 using any number of conventional commercially available 
mechanical couplings such as, for example, driUpipe connection, oilfield countiy 
tubular goods specialty type threaded connection, ratchefe-latch type threaded 
connection, or a standard threaded connection. a preferred embodiment, the 
sealing sleeve 2515 is removably coupled to the hydraulic sUp bo<|y 2520 by a 
10 standard threaded connection. 

The sealing sleeve 2515 preferabfy indudes a fluid passage 2575 that is 
adapted to convey fluidic maieriais from the fluid passage 2570 into the fluid 
pas8age2580. In a preferred embodiment, the fluid passage 2575 is adapted to 
convqr fluidic materials such as. for example, cement, epoxy. water, drilling 
15 mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 pai and 0 to 3,000 gallona/biinute. 

The hydraulic slip body 2520 is coupled to the sealing sleeve 2515, the 
hydraulic sUps 2525, and the inner sealing mandrel 2530. The hydrauUc sUp 
body 2520 preferabfy comprises a substantiaUy hoUow tubular member or 
20 members. The hydrauKc aUp bo4y 2520 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
countiy tubular goods, low aUoy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the hydrauUc slip 
body 2520 is fabricated from carbon steel in order tQ optimally provide high 
25 strength. 

The hydraulic aUp body 2520 may be coupled to the sealing sleeve 2515 
using any number of conventional oommerdally available medianical couplings 
such as, for example, drillpipe connection, oilfield countiy tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 
30 standard threaded connection. In a preferred embodiment, the hydraulic sUp 
body 2520 is remoyably coupled to the sealing sleeve 2515 by a standard 
threaded connection. The hydraulic sUp bo^y 2520 mi^ be coupled to the sUps 
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2525 using any number of cooventioaal commercially available mechanical 
couplings such as, for example, threaded connection or welding. In a preferred 
embodiment, the hydraulic slip body 2520 is removably coupled to the slips 
2525 by a threaded connection. The hydraulic slip body 2520 may be coupled to 
5 the inner sealing mandrel 2530 using any nimober of conventional commercially 
available mechanical couplings such as, for example, driUpipe connection, 
oilfield countxy tubular goods specialty type threaded connection, welding, * 
amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2520 is removabbjr ooupled to the inner 
10 sealingmandrel2530by a standard threaded connection. 

The hydraulic slips bo4y 2520 preferably includes a fluid passage 2580 
that is adi^ited to convey fluidic materials from the fluid passage 2575 into the 
fluid passage 2590. In a preferred embodiment, the fluid passage 2580 is 
adapted to convey fliiidic materials such as, for example, cement, epoxy, water, 
15 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 pai and 0 to 3,000 gallons/minute. 

The hydraulic slips body 2520 preferably includes fluid passages 2585 
that are adapted to convey fluidic materials from the fluid passage 2580 into the 
pressure chambers of the hydraulic sUpa 2525. In this manner, the slips 2525 
20 are activated upon the pressurization of the fluid passage 2580 into contact 
with the inside surface of the casing 2560. In a prefOTod embodiment, the fluid 
passages 2585 are adapted to convey fluidic materials such as, for 6xan4>le, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 pai and 0 to 3,000 gallons/minute. 
25 The slips 2525 are coupled to the outside surface of the l^ydraulic slip 

body 2520. During operation of the apparatus 2500, the slips 2525 are activated 
upon the pressurization of the fluid passage 2580 into contact with the insiife 
surface of the casing 2560. In this manner, the slips 2525 T n«»"*^m the casing 
2560 in a substantially stationary position. 
30 The slips 2525 preferably include the fluid passages 2585, the pressure 

chambers 2605, spring bias 2610, and slip members 2615. The slips 2525 may 
comprise any number of conventional commercially available hydraulic slips 
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such as, for example, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. In a preferred embodiment, the 
slips 2525 comprise RTTS packer tungsten carbide hydraulic slips available 
from Halliburton Energy Services in order to optimally provide resistance to 
5 azial movement of the casing 2560 during the expansion process. 

The inner sealing mandrel 2530 is coupled to the hydraulic slip body 
2520 and the lower sealing head 2540. The inner sealing mandrel 2530 
preferably comprises a substantial^ hollow tubular member or members. The 
inner sealing mandrel 2530* may be fabricated from any number of conventional 
10 commerdaUy available material such as, for example, oilfield countiy tubular 
goods, low aUoy sted, carbon steel, stainless steel or otha similar high strength 
matmala. In a preferred embodiment, the inner sealing mandrel 2530 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 
15 The inner sealing mandrel 2530 may be coupled to the hydraulic slip 

bocly 2520 using any number of conventional conunerdally available mechanical 
couplings such as, for eicample, driUpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the inner sealing 
20 mandrel 2530 is removably coupled to the hydraulic'sUp body 2520 by a 

standard threaded connection. The inner sealing mandrel 2530 may be coupled 
to the lower sealing head 2540 using any number of conventional commercially 
available mecha ni cal couplings such as, for examine, oilfield country tubular 
goods specialty type threaded connection, drillpipe connection, welding, 
25 amorphous bonding, or a standard threaded connection. In a prefOTed 

embodiment, the innv sealing mandrel 2530 is removably coupled to the lower 
sealing head 2540 by a standard threaded connection. 

The inner sealing mandrel 2530 preferably includes a fluid passage 2590 
that is adapted to convey fluidic mataials from the fluid passage 2580 into the 
30 fluid passage 2600. In a preferred embodiment, the fluid passage 2590 is 
adapted to convey fluidic materials such as, for example, cement, epo^, water. 
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drilling mud or lubricanta at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallona/minute. 

The upper sealing head 2535 is coupled to the oAter sealing mandrel 
2545 and expansion oone 2555. The upper sealing head 2535 is also movably 
5 coupled to the outer surface of the inner sealing mandrel 2530 and the inner 
surface of the casing 2560. In this manner^ the upper sealing head 2535 
reciprocates in the axial direction. The radial clearance- between the inner 
cylindrical surface of the upper sealing head 2535 and the outer surface of the 
inner sealing mandrel 2530 may range, for example, from about 0.0025 to 0.05 
10 inches. In a preferred embodiment, the radial clearance between the inner 
cyUndrical siuface of the upper sealing head 2535 and the outer siirface of the 
inner sealing mandrel 2530 ranges fit>m about 0.005 to 0.01 inches in order to 
optimally provide minimal radial dearance. The radial clearance between the 
outer cylindrical surface of the upper sealing head 2535 and the inner surface of 

15 the casing 2560 m^ range, for example, fit)m about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outet cylindrical 
surface of the upper sealing head 2535 and the inner surface of the casing 2560 
ranges bom about 0.025 to 0.125 indies in order to optimal^ provide 
stabilization for the expansion cone 2535 dxning the expansion process. 

20 The upper sealing head 2535 prrferab^ comprisiea an annular member 

having substantially cyiindricai inner and out» surfaces. The upper sealing 
head 2535 may be fabricated from any number of conventional commercially 
available materials such aa, for example, oilfield country tubular goods, ow alloy 
steel, carbon steel, stainless steel or oth^ similar hi^ str^igth materials. In a 

25 prrferred embodiment^ the upper sealing head 2535 is fabricated bom stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. The inner surface of the upper sealing head 2535 preferably 
indudes one or more annular sealing members 2620 for sealing the interface 
between the upper sealing head 2535 and the inner sealing mandrel 2530. The 

30 sealing members 2620 may comprise any number of conventional oommerdally 
available annular sealing members such as, for example, o-rings, polypak seals, 
or metal spring energized seals. In a preferred embodiment, the sealing 
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members 2620 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long axial stroke. 

In a preferred embodiment, the upper sealing head 2535 includes a 
shoulder 2625 for supporting the upper sealing head 2535» outer sealing 
5 mandrel 2545» and expansion cone 2555 on the lower sealing head 2540. 
The upper sealing head 2535 may be coupled to the outer sealing 
mandrel 2545 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfidd country tubular goods 
specialty threaded connection, pipeline connection, welding, amorphous 
10 bonding, or a standard threaded connection. In a preferred ^nbodiment, the 
upper sealing head 2535 is removably coupled to the outer sealing mandrel 2545 
by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the upper sealing head 2535 and the outer sealing 
mandrel 2545 includes one or more sealing members 2630 for fluidicfy sealing 
15 the interface between the upper sealing head 2535 and the outer sealing 
mandrel 2545. The sealing members 2630 may comprise any number of 
conventional oonunerdaUy available sealing members such as, for example, o* 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 2630 comprise polypak seals available from 
20 Park« Seals in order to optimally provide sealing for ai long axial stroke. 

The lower sealing head 2540 is coupled to the inner sealing mandrel 2530 
and the load mandrd 2550. The lower sealing head 2540 is also movably 
coupled to the inner surface of the outer sealing mandrel 2545. In this manner, 
the upper sealing head 2535, out^ sealing mandrel 2545, and expansion cone 
25 2555 reciprocate in the axial direction. 

The radial clearance between the outer surface of the lower sealing head 
2540 and the inner surface of the outer sealing mandrel 2545 may range, for 
example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the lovrer sealing head 2540 and 
30 the inner surface of the outer sealing mandrel 2545 ranges from about 0.005 to 
0.01 inches in order to optimally provide mim'mai radial clearance. 
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The lower sealing head 2540 prefmbly comprises an annular member 
having substantiallsy cylindrical inner and outer surfaces. The lower sealing 
head 2540 may be fabricated from any number of convtetional commerdaUy 
available materials such as, for example, oilfield country tubular goods, low 
5 alloy steel, carbon steel, stainless steel or other similar hi^ strength materials. 
In a preferred embodiment, the lower sealing head 2540 is fabricated from 
stainless sted in order to optuinally inrovide high strength, corrosion resistance, 
and low friction surfaces. The outer surface of the lower sealing head 2540 
preferably includes one or more annular sealing members 2635 for sealing the 
10 interface between the lower sealing head 2540 and the outer sealing mandrd 
2545. The sealing members 2635 may comprise any number of conventional 
commercially available annular sealing members such as, for example, o-rings, 
polypak seals, or metal spring energized seals. In a preferred embodiment, the 
sealing members 2635 comprise po^^pak seals available from Parker Seals in 
15 order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 
2530 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connections, oilfield country tubular 
goods specialty threaded connection, or a standard threaded connection. In a 
20 preferred embodiment, the lower sealing head 2540 is removably coupled to the 
inner sealing mandrel 2530 by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the lower sealing head 2540 and 
the inner sealing mandrel 2530 indudea one or more sealing monbers 2640 for 
fluididy sealing the intvfiice between the lower sealing head 2540 and the 
25 inner sealing mandrd 2530. The sealing members 2640 may comprise any 
numb V of conventional oommerdaUy available sealing memben such as, for 
example, o-ringB, polypak seals or metal spring enogized seals. Inapreferred 
embodiment! the sealing members 2640 conqirise polypak seals available from 
Parker Seals in order to optimaUy provide sealing for a long axial stroke. 
30 The lower sealing head 2540 may be coupled to the load mandrel 2550 

using any niunbo pf conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield countiy tubular goods 
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specialty type threaded connectioii, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 2540 
is removably coupled to the load mandrel 2550 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
5 lower sealing head 2540 and the load mandrel 2550 includes one or more 
sealing members 2645 for fluididy sealing the interface between the lower 
sealing head 2540 and the load mandrel 2550. The sealing members 2645 may 
comprise any number of conventional conunerdally available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
10 preferred embodiment, the sealing members 2645 comprise polypak seals 

available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

In a preferred embodiment, the lower sealing head 2540 indudea a throat 
passage 2650 fluididy coupled between the fluid passages 2590 and 2600. The 

15 throat passage 2650 is preferab^ of reduced size and is adapted to receive and 
engage with a plug 2655, or other similar device. In this manner, the fliud 
passage 2590 is fluididy isolated from the fluid passage 2600. In thb manner, 
the pressure chamber 2660 is pressurized 

The outer sealing mandrel 2545 is coupled to the upper sealing head 

20 2535 and the expansion oone 2555. The outer sealing mandrel 2545 is also 
movably coupled to the inner surface of the casing 25i50 and the outer surface of 
the lower sealing head 2540. In this manner, the upper sealing head 2535, 
outer sealing mandrel 2545, and the expansion cone 2555 redprocate in the 
axial direction. The radial dearance betwe» the outer surface of the outer 

25 sealing mandrel 2545 and the inner surface of the casing 2560 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred embodim«it, the 
radial dearance between the outer stuface of the outer sealing mandrd 2545 
and the inner surface of the casing 2560 ranges from about 0.025 to 0. 125 
inches in order to optimally provide stabilization for the expansion cone 2535 

30 during the expansion process. The radial dearance between the inner surface 
of the outer sealing mandrel 2545 and the outer surface of the lower sealing 
head 2540 may range, for example, from about 0.005 to 0.01 inches. In a 
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preferred embodiment, the radial clearance between the inner surface of the 
outer sealing mandrel 2545 and the outer surface of the lower sealing head 2540 
ranges from about 0.005 to 0.01 inches in order to optimally provide minimal 
radial clearance. 

5 The outer sealing mandrel 2545 preferably comprises an annular 

member having substantially cylindrical inner and outer surfaces. The outer 
sealing mandrel 2545 may be fabricated from any number of conventional 
commerdally available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or bth» similar high strength 
10 materials. In a preferred embodiment, the outer sealing mandrel 2545 is 
fabricated from stainless steel in order to optimaUy provide high strength, 
corrosion resistance, and low friction siirfaces. 

The outer sealing mandrel 2545 may be coupled to the upper sealing 
head 2535 using any number of conventional commerdally available mechanical 
15 couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the outer sealing 
mandrel 2545 is removabfy coupled to the upper sealing head 2535 fay a 
standard threaded connection. The outer sealing mandrel 2545 may be coupled 
20 to the expansion cone 2555 using any number of convmtional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty tjrpe threaded connection, welding, 
amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the outer sealing mandrd 2545 is removably coupled to the 
25 expansion cone 2555 by a standard threaded connection. 

The upper sealing head 2535, the Iowa* sealing head 2540, the inn ^ 
sealing mandrel 2530, and the outer sealing mandrel 2545 together define a 
pressure chamber 2660. The pressure chamber 2660 is fluididy coupled to the 
passage 2590 via one or more passages 2595. During operation of the s^paratus 
30 2500, the plug 2655 engages with the throat passage 2650 to fluididy isolate the 
fluid passage 2590 &om the fluid passage 2600. The pressure chamber 2660 is 
then pressurized which in turn causea the upper sealing head 2535, outer 
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sealing mandrel 2545, and expansion cone 2555 to reciprocate in the axial 
direction. The axial motion of the expansion cone 2555 in turn ecpands the 
casing 2560 in the radial direction. 

The load mandrel 2550 is coupled to the lower sealing head 2540. The 
5 load mandrel 2550 preferably comprises an annular member having 

substantiaUy cylindrical inner and outer surfaces. The load mandrel 2550 may 
be fabricated from any number of conventional commercially available 
materials such as, for exan4>le, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. In a 
10 preferred embodiment, the load mandrel 2550 is fabricated from stainless steel 
in order to optimaUy provide hi^ strength, corrosion resistance, and low 
friction surfaces. 

The load mandrel 2550 may be coupled to the lower sealing head 2540 
using any number of conventional commercially available mechanical couplings 
15 such as, for example, oilfield country tubular goods. driOpipe connection, 

welding, amorpfaoua bonding, or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2550 is removably coupled to the lower sealing 
head 2540 by a standard threaded connection. 

The load mandrel 2550 prefnably indudes a fluid passage 2600 that is 
20 adapted to oonvery fluidic materials from the fluid passage 2590 to the region 
outside of the apparatus 2500. In a preferred embodiment, the fluid passage 
2600 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging, 
for example, from about 0 to 9,000 pai and 0 to 3,000 gaUons/minute. 
25 The expansion cone 2555 is coupled to the outer sealing mandrel 2545. 

The expansion cone 2565 is also movably coupled to the inner surface of the 
casing 2560. In this manner, the uppor sealing head 2535. outo' sealing 
mandrel 2545, and the expanaton cone 2555 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2555 causes the casing 2560 to expand 
30 in the radial direction. 

The expanaibh cone 2555 prtferab^ comiaises an annular monber 
having substantially cylindrical inner and conical outer surfaces. The outside 
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radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 in order to optimally provide radial expansion 
for the widest variety of tubular casings. The axial length of the expansion cone 
5 2555 may range, for example, from about 2 to 8 times the largest outside 
diameter of the expansion cone 2535. In a preferred embodiment, the axial 
length of the expansion cone 2535 ranges from about 3 to 5 times the largest 
outside diameter of the expansion cone 2535 in order to optimally provide 
stabilization and centralization of the expansion cone 2535 during the 
10 expansion process. In a particularly preferred embodiment^ the mfl-r^m ^i T T ^ 
outside diameter of the expansion cone 2555 is between about 95 to 99 % of the 
inside diameter of the existing wellbore that the casing 2560 will be joined with. 
In a preferred embodiment^ the angle of attadc of the expansion cone 2555 
ranges from about 5 to 30 degrees in order to optimally balance frictional forces 
15 and radial expansion forces. The optimum angle of attack of the expansion cone 
2535 will vary as a function of the particular operational features of the 
expansion operation. 

The expansion cone 2555 may be fabricated &om any number of 
conventional oommerciaUy available materiak sudi as, for example, machine 
20 tool steel, nitride steel, titanium, tungsttt carbide, ceramics or other similar 
hif^ strength materials. In a preferred ^nbodiment, the expansion cone 2555 
is fabricated from D2 machine tool steel in order to optimailty provide high 
strength, and reeistanee to wear and galling. In a particular^ preferred 
embodiment^ the outside matm of the eq»naion cone 2555 has a surface 
25 hardness ranging from alx>ut 58 to 62 RodnveUC in order to optimaUy pro 
hi|^ stroigth and wear resistance. 

The expansion oone 2555 may be coupled to the outside sealing mandrel 
2545 using any number of conventional oonmierciBlly available mechanical 
couplings such as, for example, driUpipe connection, oilfield country tubular 
30 goods specialty threaded connection, welding amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the expansion cone 2555 is 
coupled to the outside sealing mandrel 2545 using a standard threaded 
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connection in order to optimaUy provide hi|^ strength and easy replacement of 
the expansion ppne 2555. 

The casing 2560 is removably coupled to the slips 2525 and expansion 
cone 2555. The casing 2560 prtferably coniprises a tubular member. The 
5 casing 2560 may be fabricated firom way number of conventional commercially 
available materials sudi as, for exanqile, slotted tubulars, oilfield country 
tubular goods, low alloy sted, carbon steel, stainless steel or other similar high 
strength materials. In a preferred onbodiment, the casing 2560 is fabricated 
firom oilfidd country tubular goods available firom various foreign and domestic 
10 sted mills in Qrder to optimaUy provide high strength using standardized 
materials. 

In a preferred embodiment, the upper end 2665 of the casing 2560 
indudes a thin wall section 2670 and an outer snnular sealing member 2675. 
In a preferred embodiment, the wall thiVlmi^gft of the thin wall section 2670 is 

15 about 50 to 100 % of the regular wall thirWYiooiy of the casing 2560. In this 
manner, the upper end 2665 of the casing 2560 may be easily radiaUy expanded 
and deformed into intimate contact with the lower md of an existing section of 
wellbore casing. In a preferred embodiment, the lower end of the existing 
section of casing also indudes a thin wall section. In this manner, the radial 

20 expansion of the thin walled section 2670 of casing 2560 into the thin walled 
section of the existing wellbore casing results in a wellbore casing having a 
substantiaUy constant inside diameter. 

The annular sealing member 2675 may be ftbricated firom any number of 
conventional oommerdaUy availaUe sealing materials such as, for example, 

25 epQ]Qr, rubber, metal, or plastic. In a prrf etredqnbodiment, the annular 
sealing member 2676 is fabricated from StrataLodK epoxy in order to optm^ 
provide oom|ireasibility and resistance to wear. The outside diameter of the 
annular sealing member 2675 preferably ranges from about 70 to 95 % of the 
inside diameter of the low» section of the weUbore caaing that the casing 2560 

30 is joined to. In this manner, after radial expansion, the annular sealing menober 
2670 optinudty providCes a fluidic seal and also preferably optimally provides 
suflident frictional force with the inside surface of the fl>yin»i«g section of 
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welibore casing during the radial expansion of the casing 2560 to support the 
casing 2560. 

In a preferred embodiment, the lower end 2680 of the casing 2560 
includes a thin wall section 2685 and an outer annular sealing member 2690. 
5 In a preferred embodiment, the waU thickness of the thin wall section 2685 is 
about 50 to 100 % of the regular wall thickness of the casing 2560. In this 
manner, the lower end 2680 of the casing 2560 may be easily expanded and 
deformed. Furthermore, in this mann^, an other section of casing may be 
easily joined with the lower end 2680 of the casing 2560 using a radial 
10 expansion process. In a preferred embodiment, the upper end of the other 
section of casing also includes a thin wall section. In this mann^, the radial 
expansion of the thin walled section of the upper end of the other casing into 
the thin walled section 2685 of the lower end 2680 of the casing 2560 results in 
a welibore casing having a substantiaUy constant inside diameter. 
15 The annular sealing member 2690 may be fabricated from any number of 

conventional commerciaUy available sealing materials such as, for example, 
rubber, metal, plastic or epo^^. In a preferred embodiment, the annular sealing 
member 2690 is fabricated from StrataLock epaxj in order to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular 
20 sealing member 2690 preferab^ ranges from about 70 to 95 % of the inside 
diameter of the lower section of the t>mnfiw%fr welibore casing that the casing 
2560 is joined to. In this manner, after radial expansion, the flnim lar sealing 
member 2690 prefenb^ provides a fluidic seal and also pfreferab|y provides 
sufSdent fiictional force with the inside wall of the welibore during the radial 
25 expansion of the casing 2560 to support the casing 2560. 

During operation, the apparatus 2500 is prrferably positioned in a 
welibore with the upper end 2665 of the casing 2660 positioned in an 
overh^iping relationship with the lower end of an Anting welibore casing. In a 
particularly preferred embodiment, the thin wall section 2670 of the casing 
30 2560 is positioned in opposing overlapping relation with the wall section 
and outer annular sealing member of the lower end of the existing section of 
welibore casing. In this manner, the radial expansion of the casing 2560 will 
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compress the thin wall sections and annular compressible members of the upper 
end 2665 of the. casing 2560 and the lower end of the existing wellbore casing 
into intimate contact During the positioning of the apparatus 2500 in the 
wellbore, the casing 2560 is supported by the expansion cone 2555: 
5 After positioning of the apparatus 2500, a first fluidic material is then 

pumped into the fluid passage 2565. The first fluidic material may comprise 
any number of conventional commercially available materials such as, for 
example, cement, water, slag-mix, epoxy or drilling mud. In a preferred 
embodiment, the first fluidic material comprises a hardenable fluidic sealing 
10 material such as, for example, cement, epoxy, or slag-mix in order to optimaUy 
provide a hardenable outer annular bo^y around the expanded casing 2560. 

The first fluidic material may be pumped into the fluid passage 2565 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 3,000 gallons/minute. In a preferred embodiment^ the first fluidic 
15 matmal is pumped into the fluid passage 2565 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallonaAninute in order 
to optimally provide operational efficiency. 

The first fluidic material pumped into the fluid passage 2566 passes 
throu^ the fluid passages 2570, 2575, 2580, 2590, 2600 and then outside of the 
20 apparatus 2500. The first fluidic material then pref^ab^ fills the annular 
region between the outside of the apparatus 2500 and the interior walls of the 
wdflbore. 

The phig 2655 ia then introdaced into the fluid passage 2565. Thepliig 
2655 lodges in the throat paaaage 2650 and fluididy isolates and blocks oCf the 

25 fluid passage 2590. In a preferred embodimrat^ a couple of volumes of anon- 
hardenable fluidic material are then pumped into tlie fluid passage 2565 in 
order to remove any hardoiabie fluidic matmal contained within and to ensure 
that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2565. 

30 The second fluidic material may compise any number of conventional 
commercially available materials such as, for example, water, drilling gases, 
drilling mud or lubricant In a preferred embodiment, the second fluidic 
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material comprises a non-hardenable fluidic material such as» for example, 
water, drilling mud, or lubricant in order to optimally provide pressurization of 
the pressure chamber 2660 and minimize friction. 

The second fluidic material may be pimq)ed into the fluid passage 2565 at 
5 operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallona/ininute. In a preferred embodiment, the second 
fluidic material is pumped into the fluid passage 2565 at opmiting pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute 
in order to optimally provide operational efiflciracy. 
10 The second fluidic material pumped into the fluid passage 2565 passes 

through the fluid passages 2570, 2575, 2580, 2590 and into the pressure 
chambers 2605 of the slips 2525, and into the pressure chamber 2660. 
Continued punn4>ing of the second flmdic material pressurizes the pressure 
chambers 2605 and 2660. 
15 The pressurization of the pressure chambers 2605 causes the slip 

members 2525 to expand in the radial direction and grip the interior surface of 
the casing 2560. The casing 2560 is then preferably maintained in a 
substantially stationary position. 

The pressiuization of the pressure chamber 2660 causes the upper 
20 sealing head 2535, outer sealing mandrel 2545 and expansion cone 2555 to 
move in an axial direction relative to the casing 2560. In thin manner, the 
expansion cone 2555 will cause the casing 2560 to expand in the radial 
direction, beginning with the lower end 2685 of the casing 2560. 

During the radial expansion process, the casing 25G0 is prevented from 
25 moving in an upward direction by the slips 2525. A length of the casing 2560 is 
then expanded in the radial direction through the pressurization of the pressure 
chamba 2660. The length of the casing 2560 that ia expanded during the 
expansion process will be proportional to the stroke length of the upper sealing 
head 2535, outer sealing mandrel 2545, cmd expansion cone 2555. 
30 Upon the completion of a stroke, the operating^ pressure of the second 

fluidic material is reduced and the upper sealing head 2535, outer sealing 
mandrel 2545, and expansion cone 2555 drop to their rest positions with the 
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casing 2560 supported by the expansion cone 2555. The position of the driUpipe 
2505 is preferably adjusted throughout the radial escpansion process in order to 
maintain the overlapping relationship between the thin walled sections of the 
lower end of the existing wellbore casing and the upp^ end of the casing 2560. 
5 In a preferred embodiment, the stroking of the expansion cone 2555 is then 
repeated, as necessary, until the thin walled section 2670 of the upper aid 2665 
of the casing 2560 is expanded into the thin walled section of the lower end of 
the existing wellbore casing. In this manner, a wellbore casing is formed 
including two a4jacent sections of casing having a substantially constant inside 
10 diameter. Thisprocessmay then be repeated for the entirety of the wdlbore to 
provide a wellbore casing thousands of feet in length having a substantially 
constant inside diameter. 

In a preferred embodiment^ during the final stroke of the expansion cone 
2555, the slips 2525 are positioned as dose as possible to the thin walled section 
15 2670 of the upper end 2665 of the casing 2560 in order minimize slippage 
between the casing 2560 and the existing wellbore casing at the end of the 
radial expansion process. Alternatively, or in addition, the outside diameter of 
the annular sealing member 2675 is selected to ensure suCBdent interference fit 
with the inside diameter of the lower end of the existing casing to prevent axial 
20 displacement ofthe casing 2560 during the final stroke. Alternatively, or in 
addition^ the outside diameter ofthe annular sealing member 2690 is selected 
to provide an interference fit with the inside walla of the wellbore at an earlier 
point in the radial ekpansion process so as to prevent further axial displacement 
of the casing 2560. In this final alternative, the interference fit is preferably 
25 selected to permit expansion of the casing 2560 by puUing the expansion cone 
2555 out of the wellbore, without having to pressurize the pressure chamber 
2660. 

During the radial expansion process, the pressurized areas of the 
apparatus 2500 are pnfacehfy limited to the fluid passages 2565. 2570. 2575, 
30 2580, and 2590. the pressure chambers 2605 within the slips 2525, and the 
presstire chamber 2660. No fluid pressure acts directly on the casing 2560. 
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This permits the use of operatang pressures higher than the casing 2560 could 
normally withstand. . 

Once the casing 2560 has been completely expanded off of the expansion 
cone 2555, the remaining portions of the apparatus 2500 are removed from the 
5 wellbore. In a preferred ^nbodimrat, the contact pressure between the 
deformed thin vmU sections and compressible annular members of the lower 
end of the existing casing and the upper end 2665 of the casing 2560 ranges 
from about 400 to 10,000 psi in order to optimally support the mAitig 2560 
using the existing wdlbore casing. 
10 In this manner, the casing 2560 is radially expanded into contact with an 

existing section of casing by pressurizing the interior fluid passages 2565, 2570, 
2575, 2580, and 2590, the pressure chambers of the slips 2605 and the pressure 
chamber 2660 of the iqiparatus 2500. 

In a preferred embodiment, as required, the annular bo^y of hardeaable 
15 fluidic material is then allowed to cure to form a rigid outer anmilftr bo(|y about 
the expanded casing 2560. In the case where the casing 2560 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
2560. The resulting new section of wellbore casing includes the expanded 
casing 2560 and the rigid outer annular bo^y. The overlapping joint between 
20 the pre-existing wellbore casing and the expanded casing 2560 indudea the 
deformed thin wall sections and the compressible outer annular bodies. The 
inner diameter of the resulting combined wellbore casings is substantially 
constant In this niajomer, a niono-diameter wdlbore casing is formed. This 
process of expanding overtoiling tubular members having thin wall end 
25 portions with compressible annular bodies into contact can be repeated for the 
entire length of a weUbore. In this manner, a mono-diameter wellbore casing 
can be provided for thousands of feet in a subterranean formation. 

In a preferred embodimenti as the expansion cone 2555 nears the upper 
end 2665 of the casing 2560, the operating pressure of the second fluidic 
30 material is reduced in order to minimize shock to the ^paratus 2500. In an 
alternative embodiment the apparatus 2500 includes a shock absorber for 
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absorbing the shock created by the completion of the radial expansion of the 
casing 2560. 

In a prefnred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2555 
5 nears the end of the casing 2560 in order to optimally provide reduced axial 
movement and velodly of the expansion cone 2556. In a prefemd embodiment, 
the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 2500 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2555 during the 
10 return stroke. In a preferred embodiment, the stroke length of the apparatus 
2600 ranges from about 10 to 45 feet in order to optimally provide equipments 
lengths that can be easily handled using typical oil weU rigging equipment and 
also minimize the fi^enqr at which apparatus 2500 must be re-stroked. 
In an alternative embodiment, at least a portion of the upper sealing 
15 head 2635 includes an e:q>an8ion cone for radially expanding the casing 2560 
during operation of the apparatus 2500 in order to increase the surface area of 

the casing 2560 acted upon during the radial expansion process. In this 
manner, the operating pressures can be reduced. 

Alternatively, the apparatus 2600 may be used to join a first section of 
20 pipeline to an existing section of pipeline. Alternatively, the apparatus 2600 
m^ be used to directly line the interior of a wellbore with a casing, without the 
use of an outer annular kqrer of a hardenable material. Alternatively, the 
apparatus 2600 ouQr be used to expand a tubular support membo* in a hole. 
Referring now to Figures 19, 19a and 19b, another embodiment of an 
25 apparatus 2700 for expanding a tubular member win be described. The 
apparatus 2700 preferably includes a drillpqw 2705, an innerstring adapter 
2710, a sealing sleeve 2715, a first inner sealing mandrel 2720, a first upper 
sealing head 2725, a first lower sealing head 2730, a first outer sealing mandrel 
2735, a second inner sealing mandrd 2740, a second upper sealing head 2745, a 
30 second lower sealing head 2750, a second outer sealing mandrel 2755, a load 
mandrel 2760, an expansion cone 2766, a mandrel launcher 2770, a mechanical 
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Slip body 2775, mechanical slips 2780, drag blocks 2785, casing 2790, and lluid 
passages 2795, 2800, 2805, 2810, 2915, 2820, 2825. and 2830. 

The drillpipe 2705 is coupled to the innerstring ad^ter 2710. During 
operation of the apparatus 2700, the drillpipe 2705 supports the apparatus 
5 2700. The driUpipe 2705 preferably comprises a substantially hollow tubular 
member or members. The driUpipe 2705 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel, or other 
similar hi^ strength materials. In a preferred anbodiment, the drillpipe 2705 
10 is fabricated from coiled tubing in ord«- to fadhtate the placement of the 

apparatus 2700 in non-vertical wellbores. The drillpipe 2705 may be coupled to 
the innerstring adapter 2710 using any number of conventional commercially 
available mechianical couplings such as, for example, drillpipe connection, 
oilfield countiy tubular goods specialty threaded connection, or a standard 
15 threaded connection. In a preferred embodiment, the drillpipe 2705 is 

removably coupled to the innerstring adapter 2710 by a driUpipe connection in 
order to optimaUy provide high strength and easy disassembly. 

The driUpipe 2705 preferably includes a fluid passage 2795 that is 
adapted to convey fluidic matmala trom a surface location into the fluid 
20 passage2800. In a preferred embodiment^ the fluid patssage 2795 is ad^sted to 
convqr fluidic materials such as, for example, cement, epoi^, water, driUing 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gaUona/minute. 

The innerstring adairter 2710 is coupled to the driU string 2705 and the 
25 seaUngaleeve2715. The innerstring adapter 2710 preferably comprises a 
substantiaUy hoUow tubular mCTdber or monbers. The izmeratring adulter 
2710 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods, low 
aUoy steel, carbon steel, stainless steel or other similar higti strength materials. 
30 In a preferred embodiment, the innerstring adapter 2710 is fabricated from 
stainless steel in order to optamaUy provide high strength, corrosion resistance, 
and low friction surfaces. 
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The iniierstring adapter 2710 may be coupled to the drill string 2705 
using any number of conventional Qonamerdally available mechanical couplings 
such as, for example, driUpipe connection, oilfield countzy tubiilar goods 
specialty threaded connection, or a standard threaded connection.- In a 
5 preferred embodiment, the innerstring adapter 2710 is removably coupled to 
the driU pipe 2705 by a standard threaded connection in order to optimally 
provide high strength and easy disassembly. The innerstring adi^iter 2710 may 
be coupled to the sealing sleeve 2715 using any number of conventional 
commercially available niechanical couplings such as, for example, driUpipe 
10 connection, oilfield country tubtilor goods specialty type threaded connection, 
ratchet-latdi type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2710 is removably coupled to 
the sealing sleeve 2715 by a standard threaded connection. 

The innerstring adapter 2710 preferabfy includes a fluid passage 2800 
15 that is adapted to convey fluidic materials firom the fluid passage 2795 into the 
fluid passage 2805. In a preferred embodiment, the fluid passage 2800 is 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
drilling mud or lubricants at operating pressives and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallona/minute. 
20 The sealing sleeve 2715 is coupled to the umerstring adapter 2710 and 

the first inner sealing mandrel 2720. The sealing sleeve 2715 preferably 
comprises a substantially hollow tubular member or members. The sealing 
sleeve 2715 txiay be fabricated from any nunober of conventional commerdaUy 
available m a teria ls such as, for example, oilfield country tubiilar goods, low 
25 alloy steel, carbon steel, stainless sted or other similar hi|^ strength materials. 
In a preferred embodiment, the sealing sleeve 2715 is fabricated from stainless 
steel in ordw to optimally provide high strength, corrosion resistance, and low 
friction surfaces. 

The sealing aleeve 2715 may be coupled to the innostring adapter 2710 
30 using any number of conventional commenaally available mechanical couplings 
such as, for example, driUpipe connection, oilfield country tubular goods 
specialty type threaded connection, welding, amorphous bonding, or a standard 
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threaded connection. In a preferred embodiment, the sealing sleeve 2715 is 
removably coupled to the innerstriQg adapter 2710 by a standard threaded 
connector. The sealing sleeve 2715 may be coupled to the first inner sealing 
mandrel 2720 using any numfter of conventional commercially available 
5 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding 
or a standard threaded connection. In a preferred embodiment, the sealing 
sleeve 2715 is removably coupled to the inner sealing mandrel 2720 by a 
standard threaded connection. 
10 The sealing sleeve 2715 preferabfy includes a fluid passage 2802 that is 

adapted to convey fluidic materials from the fluid passage 2800 into the fluid 
passage 2805. In a preferred embodiment, the fluid passage 2802 is adapted to 
convey fluidic mat^^aln such as, for example, cement, epoxy^ water, drilling 
mud or lubricants at operating pressures and flow rates ranging firom about 0 to 
IS 9,000 psi and 0 to 3,000 gallona/minute. 

The first inner sealing mandrel 2720 is coupled to the sealing sleeve 2715 
and the first lower sealing head 2730. The first inner sealing mandrel 2720 
preferably comprises a substantially hollow tubular member or members. The 
first inner sealing mandrel 2720 may be fabricated firom any number of 
20 conventional oommerciaUy available mataiab such aa, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar lugk strength materials. In a preferred embodiment, the first inner 
sealing mandrel 2720 is fabricated from atainleas steel in order to optimaUy 
provide hif^ strength, oorroaion resistance, and low firiction surfaces. 
25 The first inner sealing mandrel 2720 may be coupled to the sealing sleeve 

2715 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection oilfield country tubular 
goods specialty threaded connection, wdding, amorphous bonding, or a 
standard threaded connection. In a preferred embodiment, the first ixuer 
30 sealing mandrel 2720 is removably coupled to the sealing sleeve 2715 by a 
standard threadedconnection. The first inner sealing mandrel 2720 may be 
coupled to the first lower sealing head 2730 using any number of conventional 
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commercially available mechanical couplings such as, for example, driUpipe 
connection, oilfield countiy tubular goods specialty type threaded connection, 
welding, amorphous bonding, or a standcxd threaded connection. In a preferred 
embodiment, the first inner sealing mandrel 2720 is removably coupled to the 
5 first loM^ sealing head 2730 by a standard threaded connection. 

The first inner sealing mandrel 2720 preferably includes a fluid passage 
2805 that is adapts to convey fluidic materials fi^m the fluid passage 2802 into 
the fluid passage 2810, In a preferred embodiment^ the fluid passage 2805 ia 
adapted to convcry fluidic materials such as, for example, cement^ epoxy, water, 
10 drilling mud or lubricants at operating pressures and flow rates ranging firom 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The first upper sealing head 2725 is coupled to the first outer sealing 
mandrd 2735, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first upper sealing head 2725 
15 is also movabty coupled to the outer surface of the first inner sealing mandrel 
2720 and the inner surface of the casing 2790. In this manner, the first uppo* 
sealing head 2725 reciprocates in the axia'. direction. The radial clearance 
between the inner cylindrical surface of the first upper sealing head 2725 and 
the outer surface of the first inner sealing mandrel 2720 may range, for 
20 example, firom about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the inner qrlindrical surface of the first upper sealing 
head 2725 and the outer surface of the first inner sealing mandrel 2720 ranges 
fi^m about 0.005 to 0. 125 inches in order to optimally provide m^niiniil radial 
clearance. The radial clearance between the outer cylindrical siuf ace of the 
25 firstupper sealing head 2725 and the inner surface of the casing 2790 may 
range, for example, firom about 0.025 to 0.375 inches. In a preferred 
embodiment, the radial clearance between the outer cylindrical surface of the 
first uppw sealing head 2725 and the inner surface of the casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimaity provide stabilixation for 
30 the expansion cone 2765 during the expansion process. 

The first upper sealing head 2725 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The first 
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upper sealing head 2725 may be fabricated from any number of conventionaJ 
commerdally available matisrials such as, for example, oilfield counby tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a prrferred embodiment, the first upper sealing head 2725 is 
5 fabricated from stainless steel in ordw to optimally provide high strength, 
corrosion resistance and low friction surfaces. The inner surface of the first 
upper sealing head 2725 preferabfy includes one or mor^ annular sealing 
members 2835 for sealing the interface between the first upper sealing head 
2725 and the first inner sealing mandrel 2720. The sealing members 2835 mi^ 
10 comprise any number of conventional conmierdally available annular «o«n«g 
members sudi as, for example, o-rings, polypak seals or metal spring energized 
seals. In a prefOTed embodiment, the sealing membeiB 2835 comprise polypak 
seals available from Parker Seals in order to optimaUy provide sealing for long 
axial strokes. 

15 In a piefefred embodiment, tiie first upper sealing head 2725 includes a 

shoulder 2840 for supporting the first upper sealing head 2725 on the first 
lower sealing head 2730. 

The first upper sealing head 2725 may be coupled to tiie first outer 
sealing mandrd 2735 using any number of conventional commercially available 

20 mechanical oouplinff such aa, for example. driUpipe connection, oilfield countiy 
tubular goods specialty threaded connectioD, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the first upper 
sealing head 2725 is nmemhfy coupled to the first outer sealing mandrd 2735 
by a standard threaded connection. In a preferred embodimmt, the 

25 mechanical coupling between the first upper sealing head 2725 and the first 
outer sealing mandrel 2735 includes one or more sealing members 2845 for 
fiuididy sealing the interface between the first nppa sealing head 2726 and the 
first outer sealing mandrel 2735. The sealing monbers 2845 nuy con^nise any 
number of conventional commerdaUy available sealing members such as, for 

30 example, o-rings, polypak seab or metal spring energized seala. In a preferred 
embodiment, the sealing members 2845 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial strokes. 
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The first lower sealing head 2730 is coupled to the first inner sealing 
mandrel 2720 and the second inner, sealing mandrel 2740. The first lower 
sealing head 2730 is also movably coupled to the inner surface of the first outer 
sealing mandrel 2735. In this manno*, the first upper sealing head 2725 and 
5 first outer sealing mandrel 2735 reciprocate in the asdal direction. The radial 
clearance between the outer surface of the first lower sealing head 2730 and the 
inner surface of the first outer sealing mandrel 2735 may range, for example, 
fi-om about 0.0025 to 0.05 inches. In a preferred embodimat» the radial 
clearance between the outer surface of the first lower sealing head 2730 and the 
10 inner surface of the first outer sealing mandrel 2735 ranges from about 0.005 to 
0.01 indies in order to optimaUy provide minimal radial dearanca 

The first lower sealing head 2730 preferably comi^isea an annular 
meniber having substantiaUy qylindrical inner and outer surfaces. The first 
lower sealing head 2730 may be fabricated from any number of conventional 
15 conunerdally available materials such as, for example, oilfidd oountiy tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first lower sealing head 2730 is 
fabricated from stainless steel in order to optimally provide hi^ strength, 
corrosion resistance, and low friction surfaces. The outer surface of the first 
20 lower sealing head 2730 preferably indudes one or more nnnnlOT sealing 
members 2850 for sealing the interface between the first lower sealing head 
2730 and the first outer sealing mandrd 2736. The sealing members 2850 may 
comprise any number of conventional commercially available annulAf sealing 
members such as, far exanqde, o-ringa, polypak seals or metal spring energized 
25 s^als. In a pre f erred embodiment, the sealing membcra 2850 comprise polypak 
seals available fitmi Parker Seals in order to optimally prcyvide sealing for long 
axial strokes. 

The first lower sealing head 2730 may be coupled to the first innv 
sealing mandrel 2720 using any number of conventional oommeraally available 
30 mechanical couplings aucfa as, for exasqde, oilfidd country tubular goods 
spedalty threaded connections, welding amorphous bonding, or standard 
threaded connection. In a preferred embodiment, the first lower sealing head 

. 173 - 

SUBSTITUTE SHEET (RULE 26) 



wo 0007431 



PCT/IL0QA)Q24S 



2730 is removabfy coupled to the fLrst inner sealing mandrel 2720 by a standard 
threaded connection. . In a preferred embodiment, the mechanical coupling 
between the first lower sealing bead 2730 and the first inner sealing mandrel 
2720 includes one or more sealing members 2855 for fluididy sealing the 
5 interface between the first lower sealing head 2730 and the first inner sealing 
mandrel 2720. The sealing members 2855 may comprise any number of 
conventional commerdalfy available sealing members such as, for example, o- 
rings, polypak seals or metal spring enopized seals. In a preferred 
embodiment, the sealing members 2855 comprise polypak seals available firom 
10 Parker Seals in order to optimally provide sealing for long axial strokes. 

The first lower sealing head 2730 may be coupled to the second inner 
sealing mandrel 2740 using any number of conventional commerciall7 available 
mechanical couplings such as, for example, oilfield country tubular goods 
specialty threaded connection, welding, amorphous bonding, or a standard 
15 threaded connection. In a {averred embodiment^ the lower sealing head 2730 
is removably coupled to the second inner sealing mandrel 2740 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the first lower sealing head 2730 and the second inner sealing mandrel 
2740 includes one or more sealing members 2860 for fluidicly sealing the 
20 interface between the firat lower sealing head 2730 and the second inner sealing 
mandrel 2740. The sealing members 2860 may oonvnise aziy number of 
conventional commerciaQy available sealing members such as, for example, o- 
rings, poiyinkaesJa or metal spring energized seals. Inapreferred 
embodiment, the sealing nmaboB 2860 comprise polypak seals available fit>m 
25 i^ker Seab in order to i^tiniaQy provide sealing for long axial ste 

The firat outw sealing mandrel 2735 is coupled to the first upper sealing 
head 2725, the second upper sealing head 2745, the aeoond outer sealing 
mandrel 2755, and the expansion cone 2765. The firat outer sealiiig mandrel 
2735 is also movably coupled to the inner siirfaoe of the casing 2790 and the 
30 out^ surface of the first lower sealing head 2730. In this manner, the first 
upp^ sealing head 2725, first outer sealing mandrel 2735, second upper sealing 
head 2745, second outer sealing mandrel 2755, and the expansion cone 2765 
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reciprocate in the axial direction. The radial clearance between the outer 
surface of the first outer sealing mandrel 2735 and the inner surface of the 
casing 2790 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer siu^ace of the 
5 first out^ sealing mandrel 2735 and the inner surface of the casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimaUy provide stabilization for 
the expansion cone 2765 during the expansion process. The radial clearance 
between the inner surface of the first outer sealing mandrel 2735 and the outer 
siirface of the first lower sealing head 2730 may range, for example, from about 
10 0.0025 to 0.05 inches. In a preferred raibodimrat, the radial clearance between 
the inner surface of the first outer sealing mandrel 2735 and the outer surface 
of the first lower sealing head 2730 ranges fit>m about 0.005 to 0.01 inches in 
order to optimally provide minimal radial clearance. 

The outer sealing mandrel 1935 preferably comprises an ATimilflr 
15 member having substantially cylindrical inner and outer surfaces. The first 
outer sealing mandrel 2735 may be fabricated firom any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar Hi'tfr strength 
matmals. In a preferred embodiment, the first outer sealing mandrel 2735 is 
20 fabricated from stainless steel in order to optimaUy provide hi^ strength, 
corrosion resistance, and low friction surfaces. 

The first outor sealing mandrel 2735 may be coupled to the first upper 
sealing head 2725 using any number of conventional commercial^ available 
mechanical couplings such as, for example, oilfield country tubular goods, 
25 welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment^ the first outer sealing mandrel 2735 is removably coupled to the 
first upper sealing head 2725 by a standard threaded connection. The first 
outer sealing mandrel 2735 may be coupled to the second uppw sealing head 
2745 using any number of conventional coomierciaUy available mechanical 
30 couplings such as, for example, oilfield country tubular goods specialty threaded 
connection, welding, amorphous bonding, or a standard threaded connection. 
In a preferred embodiment, the first outer sealing mandrel 2735 is removably 
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coupled to the second upper sealing head 2745 by a standard threaded 
connection. 

The second inner sealing mandrel 2740 is coupled to the first lower 
sealing head 2730 and the second lower sealing head 2750. The second inner 
5 sealing mandrel 2740 preferably comprises a substantially hollow tubular 
member or membm. The second inner sealing mandrd 2740 may be fabricated 
firom any number of conventional commercially avsilabte materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar hi^ strength materials. In a preferred embodiment, the 
10 second inner sealing mandrel 2740 is fabricated £rom stainless steel in order to 
optimally provide high strength, corrosion resistance, and low firiction surfaces. 

The second inner sealing mandrd 2740 may be coupled to the first lower 
sealing head 2730 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield countiy tubular goods 
15 specialty threaded connection, welding amorphous bonding, or a standard 
threaded connection. In a preferred ^nbodiment, the second inner sealing 
mandrel 2740 is removably coupled to the first lower sealing head 2740 by a 
standard threaded connection. The mechanical coupling between the second 
inna: sealing mandrel 2740 and the first lower sealing head 2730 preferably 
20 includes sealing members 2860. 

The second inner sealing mandrd 2740 may be coupled to the second 
lower sealing head 2750 using any number of conventional commercially 
available mechanical couplings such aa, for example, oilfield country tubular 
goods specialty threaded connection, welding, amorphoua bonding, or a 
25 standard threaded connection. In a prrferred embodiment, the second inner 
sealing mandrel 2720 is removably coupled to the second lower sealing head 
2750 by a standard threaded connection. In a preferred embodiment, the 
mechanical coupling between the second inner sealing mandrel 2740 and the 
second lower sealing h^ul 2750 inchidea one or more sealing members 2865. 
30 The sealing members 2865 may comprise any number of conventional 
conunerdally avaOable seals such as, for example, o-rin|p, polypak seala or 
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metal spring energized seals. In a preferred embodiment, the sealing members 
2865 comprise polypak seals available from Parker Seals. 

The second inner sealing mandrel 2740 preferably includes a fluid 
passage 2810 that is adapted to convey fluidic materials from the fluid passage 
5 2805 into the fluid passage 2815. In a preferred embodiment^ the fluid passage 
2810 is adapted to convey fluidic materials such as, for example, cemrat, epozy, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
frt>m about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The second upper sealing head 2745 is coupled to the first upper sealing 
10 head 2725, the first outer sealing mandrel 2735, the second outer sealing 
mandrel 2755, and the expansion cone 2765, The second upper sealing head 
2745 is also movably coupled to the outer surface of the second inner sealing 
mandrel 2740 and the inner surface of the casing 2790. In thia manner, the 
second upper sealing head 2745 redprocatea in the axial direction. The radial 
15 clearance between the inner cylindrical surface of the second upper sealing head 
2745 and the outer surface of the second inner sealing mandrel 2740 may range, 
for example, firom about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the inner cylindrical surface of the second upper 
sealing head 2745 and the outer surface of the second inner sealing mandrel 
20 2740 ranges from about 0.005 to 0.01 inches in order to optimally provide 
minimal radial clearance. The radial clearance between the outer cylindrical 
surfiGu» of the second upper sealing head 2745 and the inner surface of the 
casing 2790 may range, for example, fix>m about 0.025 to .375 inches. In a 
preferred embodiment, the radial clearance between the outer cylindrical 
25 surface of the second upper seaUng head 2745 and the inner surface of the 
casing 2790 ranges from about 0.025 to 0.125 inches in order to optimally 
provide stabilization for the expansion cone 2765 during the expansion process. 

The second upper sealing head 2745 preferably comprises an annnlflr . 
member having substantially cylindrical inner and outer surfaces. The second 
30 upper sealing head 2745 may be fabricated fit>m any number of conventional 
commerdaUy available materials such as, for example, oilfield country, tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar hi^ strength 
materials. In a preferred embodiment, the accond upper aeallng }\t ^4 2745 b 
fabricated from stainless steel in order to optimally provide hig^ strength, 
corrosion resiatanoe, and low friction surfaces. The inner surface^f the second 
5 upper sealing head 2745 prrferab^ includes one or more annti|nr sealing 
members 2870 for sealing the interface between the seoond upper sealing head 
2745 and the second inner sealing mandrel 2740. The sealing memben 2870 
may comprise any number of conventional commercially available annnlAr 
sealing members such as, for example, o-rings, polypak seals, or metal spring 
10 energized seals. In a prefinred embodiment, the sealing members 2870 
comprise pol(ypak seals available from Parker Seals in order to optimally 
provide sealing for long axial strokes. 

In a preferred embodiment, the second upper sealing head 2745 includes 
a shoulder 2875 for supporting the second upper sealing head 2745 on the 
15 second lower sealing head 2750. 

The second upper sealing head 2745 may be coupled to the first outer 
sealing mandrel 2735 using any number of conventional commercially available 
mechanical couplings such as, for example, driUpipe connection, oilfield countiy 
tubular goods specialty threaded connection, ratchet-latch type threaded 
20 connection, or a standard threaded connection. In a preferred mibodiment, the 
second upp« sealing head 2745 is removably coupled to the first outer sealing 
mandrel 273517 a standard threaded connection. In a p r ef erred embodiment, 
the mechanical coupling between the seoond upper sealing head 2745 and the 
first outer sealing mandrel 27S5 includes one or more sealing members 2880 for 
25 flttididly sealing the interface between the seoond upper sealing head 2745 and 
the first outer sealing mandrd 2735. The sealing members 2880 may comprise 
any number of convoitional commerdaUy available sealing members such as, 
for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2880 comprise polypak seals 
30 available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 
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The second upper sealing head 2745 may be coupled to the second outer 
sealing mandrel 27^ using any numbw of conventional commerdally available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
5 connection. In a preferred embodiment, the second upper sealing head 2745 is 
removably coupled to the second outer sealing mandrel 2755 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the second upper sealing head 2745 and the second outer sealing 
mandrel 2755 include one or more sealing members 2885 for fluidicly sealing 
10 the interface between the second upper sealing head 2745 and the second outer 
sealing mandrel 2755. The sealing members 2885 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seala or metal spring energized seals. In a preferred 
embodiment, the sealing members 2885 comprise polypak seals available from 
15 Parto Seals in order to optunaUy provide sealing for long axial strokes. 

The second lower sealing head 2750 is coupled to the second inner 
sealing mandrel 2740 and the load mandrel 2760. The second lower sealing 
head 2750 is also movably coupled to the inner surface of the second outer 
sealing mandrel 2755. In this manner, the first upper sealing head 2725, the 
20 first outer sealing mandrel 2735, second upper sealing head 2745, second outer 
sealing mandrd 2755, and the expansion cone 2765 reciprocate in the axial 
direction. The radial clearance between the outer surface of the second lower 
sealing head 2750 and the inner surface of the second outer sealing mandrel 
2755 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
25 embodiment, the radial clearance between the outer surface of the second lower 
sealing head 2750 and the inner siuf ace of the second outer sealing mandrel 
2755 ranges from about 0.005 to 0,01 inches in order to optimally provide 
minimal radial clearance. 

The second lov^ sealing head 2750 preferably comprises an annular 
30 member having substantiallly cylindrical inner and outer surfisces. The second 
lower sealing head.2750 may be fabricated bom any number of conventional 
commercial^ available materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar higH strength 
materiab. In a prefmed embodiment, the second lower sealing head 2750 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The outer surface of the second 
5 lower sealing head 2750 preferably includes one or more annular sealing 
members 2890 for sealing the interface betwera the second lower sealing head 
2750 and the second outer sealing mandrel 2755. The sealing members 2890 
may comprise any number of conventional commerdally available annular 
sealing members such as, for example, o-rings, po^ypak seals or metal spring 
10 energized seals. In a preferred mibodiment, the sealing members 2890 
comprise polypak seals available from Parker Seals in order to optima^y 
provide sealing for long axial strokes. 

The second lower sealing head 2750 may be coupled to the second inner 
sealing mandrel 2740 using any number of conventional commercially available 
15 mechanical couplings such as, for example, driUpipe connection, oilfield country 
tubular goods specialty threaded coimection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second lower sealing head 2750 is rraiovabiy coupled to the second inner sealing 
mandrel 2740 by a standard threaded connection. In a preferred embodiment, 
20 the mechanical coupling between the second lower sealing head 2750 and the 
second inner sealing mandrel 2740 includes one or more sealing members 2895 
for fluididy sealing ithe interface between the second sealing head 2750and the 
second sealing mandrel 2740. The sealing members 2895 may comprise any 
number of conventional commercially available sealing members sudi as, for 
25 example, o-ringa, polypak seals or metal spring energized seals. In a preferred 
embodimenti the sealing membera 2895 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel 
2760 using any number of oonvrational oommerciaUy available mechanical 
30 couplings such as, for example, driUpipe connection, oilGeld tubular goods 
spedalty threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second lower 
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sealing head 2750 is removably coupled to the load mandrel 2760 by a standard 
threaded connection. In a preferred embodiment^ the mechanical coupling 
between the second lower sealing head 2750 and the load mandrel 2760 
includes one or more sealing members 2900 for fluidicfy sealing the interface 
5 between the second lower sealing head 2750 and the load mandrel 2760. The 
sealing members 2900 may comprise any number of conventional commercially 
available sealing members such as, for example, o-ringsi polypak seals or metal 
spring energized seals. In a prefored embodiment^ the sealing members 2900 
comprise polypak seals available from Parker Seals in order to optimally 
10 provide sealing for long axial strokes. 

In a preferred embodiment, the second lower sealing head 2750 includes 
a throat passage 2905 fluidicly coupled between the fluid passages 2810 and 
2815. The throat passage 2905 is preferably of reduced size and is adapted to 
receive and engage with a plug 2910, or other similar device. In this manner, 
15 the fluid passage 2810 is fluidicly isolated from the fluid passage 2815. In this 
manner, the pressure chambers 2915 and 2920 are pressurized. The use of a 
plurality of pressure chambers in the apparatus 2700 permits the effective 
driving force to be multiplied. While illustrated using a pair of pressure 
chambers, 2915 and 2920, the apparatus 2700 may be further modified to 
20 employ additional pressure chambers. 

The second outer sealing mandrel 2755 is coupled to the first upper 
sealing head 2725, the first outer sealing mandrel 2735, the second upper 
sealing head 2745, and the expansion cone 2765. The second outer sealing 
mandrel 2755 ia also movably coupled to the inner surface of the casing 2790 
25 andtheouter surface of the second lower sealing head 2750. In this manner, 
the first upper sealing head 2725, first outer sealing mandrel 2735, second 
upper sealing head 2745, second outer sealing mandrel 2755, and the expansion 
cone 2765 reciprocate in the axial direction. 

The radial clearance between the outer surface of the second outer 
30 sealing mandrd 2755 and the inner surface of the casing 2790 oiay range, for 
example, from about 0.025 to 0.375 indies. In a prefored embodiment, the 
radial clearance between the outer stuiaoe of the second outer sealing mandrel 
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2755 and the inner surface of the casing 2790 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2765 
during the expansion process. The radial clearance between the inner surface 
of the second outer sealing mandrel 2755 and the outer surface of ihe second 
5 lower sealing head 2750 may range, for ezanqile, from about 0.0025 to 0.05 
inches. In a preferred entibodiment^ the radial clearance between the inner 
surface of the second outer sealing mandrel 2755 and the outer surface of the 
second lower sealing head 2750 ranges from about 0.005 to 0.01 inches in order 
to optimally provide mtwimni radial clearance. 
10 The second outer sealing mandrel 2755 preferably comprises an annular 

member having substantially qrlindrical inner and outer surfaces. The second 
outer sealing mandrel 2755 may be fabricated from any nmnber of conventional 
commerdaUy available materials such as, for example, oilfield country tubtilar 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
15 materials. In a preferred embodiment, the second outer sealing mandrel 2755 is 
fabricated from stainless steel in order to optimaUy provide hig^ strength, 
corrosion resistance, and low friction surfaces. 

The second outer sealing mandrel 2755 may be coupled to the second 
upper sealing head 2745 using any number of conventional commercially 
20 available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, ratchet-latch type 
threaded connection or a standard threaded cormection. In a preferred 
embodiment^ the second outer sealing mandrel 2755 is removably coupled to 
the second upper sealing head 2745 by a standard threaded connection. The 
25 second outer sealing mandrel 2755 may be coupled to the expansion cone 2765 
unng any number of conventional commerdaUy available mechanical couplings 
such as, for example, drillpipe coimection, oilfield country tubular goods 
specialty type threaded connection» ratchet-latch type threaded connection, or a 
standard thieaded connection. In a preferred embodimenti the second outer 
30 sealing mandrel 2755 is removably coupled to the expansion cone 2765 by a 
standard threaded corinection. 
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The load mandrel 2760 is coupled to the second lower sealing head 2750 
and the mechanical slip bo4y 2755. The load mandrel 2760 preferably 
comprises an annular member having substantially cylindrical inner and outer 
surfaces. The load mandrel 2760 may be fabricated from any number of 
5 conventional commercially available materials such as, for example, oilfield 
countiy tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strragth matoriala. In a preferred embodiment, the load mandrel 
2760 is fabricated from stainless steel in order to optimally provide hi^ 
strength, corrosion resistance, and low friction surfaces. 
10 The load mandrel 2760 may be coupled to the second lower sealing head 

2750 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
15 load mandrel 2760 is removably coupled to the second lower sealing head 2750 
by a standard threaded connection. The load mandrel 2760 may be coupled to 
the mechan ic al slip body 2775 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oilfidd countiy tubular goods specialty type threaded connection, ra 
20 type threaded connection or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2760 is removably coupled to the mechanical slip 
bociy 2775 by a standard threaded connection. 

The load mandrel 2760 preferably includes a fluid passage 2815 that is 
adapted to convqr fluidic materials from the fluid passage 2810 to the fluid 
25 passage2820. In a preferred embodiment, the fluid passage 2815 is adiq>ted to 
convey fluidic materials such as, for example, cement, epoiQr, water, drilling 
mud or lubricants at operating pressures and flow rates ranging bom about 0 to 
9,000 pai and 0 to 3,000 gallons/minute. 

The expansion cone 2765 is coupled to the second outer sealing mandrel 
30 2755. The expansion cone 2765 is also movably coupled to the inner surface of 
the casing 2790. In this manner, the first upper sealing head 2725, first outer 
sealing mandrel 2735, second upper sealing head 2745, second outer sealing 
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mandrel 2755, and the expansion cone 2765 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2765 causes the casing 2790 to expand 
in the radial direction. 

The expansion cone 2765 preferably comprises an annular mraiber 
5 having substantiaUy cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 inches in order to optimally provide 
expansion cone dimensions that accommodate the typical range of casings. The 
10 axial length of the expansion cone 2765 may ranges for example, from about 2 to 
8 times the largest outer diameter of the expansion cone 2765. In a preferred 
embodiment, the axial length of tfie expansion cone 2765 ranges fit>m about 3 
to 5 times the largest outer diameter of the expansion cone 2765 in order to 
optimally provide stabilization and centralization of the expansion cone 2765. 
15 In a preferred embodiment^ the anf^e of attack of the expansion cone 2765 
ranges bom about 5 to 30 degrees in order to optimally balance fiictional forces 
and radial expansion forces. 

The expansion cone 2765 may be fabricated from any number of 
conventional comm^tnally available materials such as, for example, machine 
20 tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
hi^ strength materials. In a preferred embodiment, the expansion cone 2765 
is fabricated frt>m D2 machine tool steel in order to optimally provide hi gti 
strength and resistance to corrosion and galling. In a particularly preferred 
embodiment^ the outside surDsce of the expansion cone 2765 has a surface 
25 hardness ranging from about 58 to 62 Rockwdl C in order to optimally provide 
high strength and resistanoe to wear and galling. 

The eqiansion cone 2765 m^y be coupled to the second outside sealing 
mandrel 2765 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
30 tubular goods spedalty type threaded connection, ratdie^latcht^ 

connection or a standiotl threaded connection. In a prefmed embodiment, the 
expansion cone 2765 is coupled to the second outside sealing mandrel 2765 
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using a standard threaded connection in order to optimally provide high 
strength and easy replacement of the expansion cone 2765. 

The mandrel launcher 2770 is coupled to the casing 2790. The mandrel 
launcher 2770 comprises a tubular section of casing having a reduced wall 
5 thickness compared to the casing 2790. In a preferred embodiment^ the wall 
thickness of the mandrel launcher 2770 is about 50 to 100 % of the wall 
thickness of the casing 2790. The wall thickness of the mandrel launcher 2770 
may range , for example, from about 0,15 to 1.5 inches. In a preferred 
embodiment, the wall thickness of the mandrel laimcher 2770 ranges from 
10 about 0.25 to 0*75 inches. In this manner, the initiation of the radial expansion 
of the casing 2790 is facilitated, the placement of the apparatus 2700 within a 
wellbore casing and wellbore is facilitated, and the mandrel launcher 2770 has a 
burst strength approximately equal to that of the casing 2790. 

The mandrel launcher 2770 may be coupled to the casing 2790 using any 
15 number of conventional mechanical couplings such as, for example, a standard 
threaded connection. The mandrel launcher 2770 may be fabricated from any 
number of conventional commerdaily avaflable materials such as, for example, 
oilfield country tubular goods, low alloy steel, carbon steel, stainless steel, or 
other similar hi^ strength materials. In a preferred embodiment, the mandrel 
20 launcher 2770 is fabricated from oilfield country tubular goods of higher 

strength than that of the casing 2790 but with a reduced wall thickness in order 
to optimal^ provide a small compact tabular container having a burst strength 
^prazimatety equal to that of the casing 2790. 

The mechanical alip bo^ 2775 is coufded to the load mandrel 2760, the 
25 mechanical slips 2780, and the drag blocks 2785. The mechanical slip body 
2775 preferably comprises a tubular member having an inner passage 2820 
fluididy coupled to the passage 2815. In this manner, fluidic materials may be 
conveyed fiT>m the passage 2820 to a region outside of the apparatus 2700. 

The mechanical slip bo4y 2775 may be coupled to the load mandrel 2760 
30 using any nimiber of conventional mechanical couplings. In a preferred 
embodiment, the mechanical slip bo^y 2775 is removably coupled to the load 
mandrel 2760 using a standard threaded connection in order to optimally 
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provide high strength and easy disassembly. The mechanical slip body 2775 
may be couple4 to the mecfaanical slips 2780 using any number of conventional 
mechanical couplings. In a preferred onbodiment, the mecfaanical slip body 
2755 is removably coupled to tfae mechanical slips 2780 using threaded 
5 connections and sliding steel retainer rings in order to optimally provide a high 
strength attachment The mechanical slip body may be couided to the 
drag blocks 2785 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical slip bo4y 2775 is removably coupled to 
the drag blocks 2785 using threaded connections and sliding sted retainer rings 
10 in order to optimally provide a hi^ strength attaduient 

The mechanical slip bo4y 2775 preferably includes a fluid passage 2820 
that is edited to convey fluidic materials from the fluid passage 2815 to the 
region outside of the apparatus 2700. In a preferred embodiment, the fluid 
passage 2820 ia adapted to convqr fluidii; materials such as, for example, 
15 cement, epo^, water, drilling mud or lubricants at operating pressures and 
flow rates ranging from about 0 to 9,000 pei and 0 to 3,000 gallons/minute. 

The mechanical slips 2780 are coupled to the outside surface of the 
mechanical slip body 2775. During operation of the t^paratus 2700, the 
mechanical slips 2780 prevent upward movement of the casing 2790 and 
20 mandrel launcher 2770. In this manner, during the aiial reciprocation of the 
expansion cone 2765. the casing 2790 and mandrel launcher 2770 are 
maintained in a substantially stationaiy position. In this manner, the mandrel 
launcher 2765 and casing 2790 and mandrel launcher 2770 are expanded in the 
radial direction by the axial movement of the expanaion cone 2765. 
25 The mechanical slipa 2780 may comprise any number of conventional 

commercially available medianical slips such as, for exaoqde, RTTS p«H r w 
tungsten carbide mechanical slips. RTTS packv widcer type mechanical sUpe or 
Model 3L retrievable bridge plug tungsten carbide upper medianical slips. In a 
preferred embodiment, the medianical slips 2780 oomjviae RTTS packer 
30 tungsten carbide mechanical slips available from Halliburton Energy Services 
in ordw to optimally provide resistance to axial movement of the casing 2790 
and mandrel laimcher 2770 during the expansion process. 
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The drag blocks 2786 are coupled to the outside surface of the 
mechanical slip hody 2775. During pperation of the apparatus 2700, the drag 
blocks 2785 prevent upward movement of the casing 2790 and mandrel 
launcher 2770. In this manner, during the axial reciprocation of the expansion 
5 cone 2765. the casing 2790 and mandrel launcher 2770 are maintained in a 
substantially stationary position. In this manner, the mandrel launcher 2770 
and casing 2790 are expanded in the radial direction by the axial movement of 
the expansion cone 2765. 

The drag blocks 2785 may comprise any number of conventional 
10 commercially available mechanical sUps such as, for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2785 comprise RTTS packer mechanical 
drag blocks available from Halliburton Energy Services in order to optimally 
provide resistance to axial movement of the casing 2790 and mandrel launcher 
IS 2770 during the expansion process. 

The casing 2790 is coupled to the mandrel launcher 2770. The casing 
2790 is further removably coupled to the mechanical sUps 278Q and drag blocks 
2785. The casing 2790 preferably conyjrisea a tubular member. The casing 
2790 may be fabricated from any number of conventional commercially 
20 available materials such as. for example, slotted tubulan. oilfield country 
tubular goods, low aUoy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment^ the casing 2790 is fabricated 
from oilfield oounlzy tabular goods available from various foreign and domestic 
steel milla in order to optimally provide high strength using standardized 
25 materials. In a preferred embodiment, the upper end of the casing 2790 
includes one or more sealing members positioned about the exterior of the 
casing 2790. 

During operation, the apparatus 2700 is positioned in a wreUbore with the 
upper end of the casing 2790 positioned in an overlapping relationship within 
30 an existing weUbore casing. In order minimize surge pressures within the 
borehole during placement of the apparatus 2700, the fluid passage 2795 is 
preferably provided with one or more pressure relief passages. During the 
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placement of the ^paratus 27(K) in the weUbore. the casing 2790 is suf^rted 
by the expansion cone 2765. 

After poBitioning of the apparatus 2700 within the bore hole in an 
overlapping relationship with an ensting section of wdlbore easing, a Grst 
5 fluidic material is pumped into the fluid passage 2795 from a surface location. 
The first fluidic material is conveyed from the fluid passage 2795 to the fluid 
passages 2800, 2802, 2805, 2810. 2815, and 2820. The first fluidic material wiU 
then exit the apparatus 2700 and fin the annular region between the outside of 
the apparatus 2700 and the intoior walls of the bore hole. 
10 The first fluidic nuiterial may cmnprise any number of conventional 

commerdaUy available materials such as, for example, epoxy, drilling mud, slag 
mix, water or cement. In a preferred ^nbodiment, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, slag mix, 
epo^, or cement. In this manner, a wellbore casing having an outer annular 
15 layerof a hardenable material may be formed. 

The first fluidic material may be pumped into the apparatus 2700 at 
opo-ating pressures and flow rates ranging, for example, from about 0 to 4.500 
psi and 0 to 3,000 gaUons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the apparatus 2700 at operating pressures and flow 
20 rates ranging from about 0 to 3,500 psi and 0 to 1.200 gaUons/minute in order 
to optimally provide operational efficiency. 

At a predetermined point in the im'ection of the first fluidic material such 
as. for example, after the annular region outside of the apparatus 2700 has been 
filled to a predetermined level, a plug 2910, dart, or other device is 

25 introduced into the first fluidic materiaL The plug 2910 lodges in the throat 

passsge 2905 therd[>y fluidicbr isolating the fluid passage 2810 from the fluid 
pass8ge2815. 

After placement of the plug ^10 in the throat passage 2905, a second 
fluidic material is pumped into the fluid passage 2795 in order to pressurize the 
30 pressure chambers 2915 and 2920. The second fluidic material m^r comprise 
any numb« of conyon'tional commerciaUy available mateHaia such as, for 
example, water, drilling gases, drilling mud or lubricants. In a preferred 

- 188- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



embodimeot, the second fluidic material comprises a non-hardenable fluidic 
material such as, for example, water, drilling mud or lubricant The use of 
lubricant optimally provides lubrication of the moving parts of the apparatus 
2700. 

5 The second fluidic material may be pxunped into the apparatus 2700 at 

operating pressures and flow rates ranging, for example, firom about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the apparatus 2700 at operating pressures and 
flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in 
10 order to optimally provide operational effldency. 

The pressurization of the pressure chambers 2915 and 2920 cause the 
upper sealing heads, 2725 and 2745, outer sealing mandrels, 2735 and 2755. 
and expansion cone 2765 to move in an axial direction. As the expansion cone 
2765 moves in the axial direction, the expansion cone 2766 puDs the mandrel 
15 launcher 2770, casing 2790, and drag blocks 2785 along, which sets the 
mechanical slips 2780 and stops further axial movement of the mandrel 
launcher 2770 and casing 2790. In this manner, the axial movement of the 
expansion cone 2765 radially expands the mandrel laundier 277D and casing 
2790. 

20 Once the upper sealing heads, 2725 and 2745, outer sealing mandrels, 

2735 and 2755, and expansion cone 2765 complete an axial stroke, the 
operating pressure of the second fluidic material is reduced and the drill string 
2705 is raised. This canaes the inner sealmg mandrels, 2720 and 2740, lower 
sealing heads, 2730 and 2750, load mandrel 2760, and mechanical slip body 

25 2755 to move upward. This unsets the medianical slips 2780 and permits the 
mechanical slips 2780 and drag blocks 2785 to be moved upward within the 
mandrel laundier 2770 and casing 2790. When the lower sealing heads, 2730 
and 2750, contact the upper sealing heads, 2725 and 2745, the second fluidic 
material is again pressurized and the radial expansion process continues. In 

30 this manner, the mandrel launcher 2770 and casing 2790 are radially expanded 
through repeated ^at strokes of the upper sealing heads, 2725 and 2745, outer 
sealing mandrels, 2735 and 2755, and expansion cone 2765. Throughout the 
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radial expansion process, the upper end of the casing 2790 is preferably 
maintained in an overlspping relation with an existing section of weUbore 
casing. 

At the end of the radial expansion process, the upper end of the casing 
5 2790 is expanded into intimate contact with the inside surface of the lower end 
of the existing wellbore casing. In a preferred embodiment, the sealing 
members provided at the upper end of the casing 2790 provide a lluidic seal 
between the outside surface of the upper end of the casing 2790 and the inside 
surface of the lower end of the existing weUbore casing. In a preferred 
10 embodiment, the contact pressure between the casing 2790 and the existing 
section of weUbore casing ranges from about 400 to 10,000 in order to optimaUy 
provide contact pressure for activating the sealing members, provide optimal 
resistance to axial movement of the expanded casing, and optimaUy resist 
typical tensile and compressive loads on the expanded casing. 
15 In a preferred embodiment, as the expansion cone 2765 nears the end of 

the casing 2790, the operating pressure of the second fluidic material is reduced 
in order to minimize shock to the apparatus 2700. In an alternative 
embodiment, the apparatus 2700 includes a shock absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2790. 
20 In a preferred embodiment, the reduced operatihg pressure of the second 

fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2765 
nears the end of the casing 2790 in order to optimaUy provide reduced axial 
movement and velodly of the expansion cone 2765. In a preferred embodiment, 
the operating pressure of the second fluidic material la reduced during the 

25 return stroke of the apparatus 2700 to the range of about 0 to 500 pai in order 
minimixa the resistance to the movement of the expandon cone 2765 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
2700 ranges from about 10 to 45 feet in order to optimally provide equipment 
that can be easier handled by typical oil weU rigging equipment and minimize 

30 the frequency at which the apparatus 2700 must be re-stroked during an 
expansion operation. ' 
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In an altemative embodiment, at least a portion of the upper sealing 

heads, 2725 and 2745. include eqnnsion cones for radiaUy expanding the 

mandrel kuncher 2770 and casing 2790 during operation of the apparatus 2700 

in order to increase the surface area of the casing 2790 acted upon during the 

5 radial expansion process. In this manner, the operating pressures can be 
reduced. 

In an altemative embodiment, mechanical slips are positioned in an axial 
location between the sealing sleeve 1915 and the first inner sealing mandrel 
2720 in order to optimally provide a simplified assembly and operation of the 
10 apparatus 2700. 

Upon the complete radial expansion of the casing 2790, if applicable, the 
first fluidic matmal is permitted to cure within the annular region between the 
outside of the expanded casing 2790 and the interior walls of the wellbore. In 
the case where the casing 2790 is slotted, the cured fluidie material preferably 
15 permeates and envelops the expanded casing 2790. In this manna-, a new 
section of wellbore casing is formed within a wellbore. Altmiatiyely. tiie 
^paratus 2700 may be used to join a first section of pipdine to an existing 
section of pipelme. Alternatively, the apparatus 2700 may be used to direcUy 
Une the intmior of a wellbore with a casing, without the use of an outer annular 
20 layer of a hardenable material. Altematively. the apparatus 2700 may be used 
to expand a tubular support member in a hole. 

During the radial expansion process, the pressurized areas of the 
apparatus 2700 are limited to the fluid passages 2795, 2800, 2802, 2805, and 
2810. and the pressure chambers 2915 and 2920. No fluid pressure acts directly 
25 on the mandrel launcher 2770 and casing 2790. This pomita the use of 
operating pressures higha than the mandrd lanndier 2770 and casing 2790 
could normally withstand. 

Referring now to Figure 20, a preferred embodiment of an apparatus 
3000 for forming a mono-diameter wdlbore casing will be described. The 
30 apparatus 3000 preforablyindudes a drillpipe 3005, an innerstring adapter 
3010, a sealing sleeve "3015, a first inner sealing mandrel 3020, hydraulic sUps 
3025, a first upper sealing head 3030, a first lower sealing head 3035, a first 
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outer sealing mandrel 3040, a second inner sealing mandrel 3045, a second 
upper sealing head 3050, a second lower sealing head 3055, a second outer 
sealing mandrel 3060, load mandrel 3065, expansion c6ne 3070, casing 3075, 
and fluid passages 3080, 3086, 3090, 3095, 3100, 3105, 3110, 31ia and 3120. 
5 The driUpipe 3005 is coupled to the innerstaring adapter 3010. During 

operation of the ^>paratU8 3000, the drillpipe 3005 supports the i^paratus 
3000. The drillpipe 3005 prefoab^y comprises a substantially hoUow tubular 
member or members. The drillpipe 3005 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
10 coimtiy tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the drillpipe 3005 
is fabricated from coiled tubing in order to fadliate the placement of the 
apparatus 3000 in non-vertical wellborea. The drillpipe 3005 may be coupled to 
the innerstring adapter 3010 using any number of conventional commerdally 
15 available mechanical couplings such as, for example, drillpipe connection, 
oilfield countaty tubular goods specialty threaded connection, or a standard 
threaded connection. In a preferred embodiment^ the drillpipe 3005 is 
removably coupled to the innerstring ad^ter 3010 by a drillpipe connection. 
The drillpipe 3005 preferabfy includes a fluid passage 3080 that is 
20 adapted to conv^ fluidic materials from a surface location into the fluid 

passage 3085. In a preferred embodiment, the fluid piaasage 3080 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute. 
25 The innerstring adapter 30 10 ia coupled to the drill string 3005 and the 

sealing sleeve 3015. The innerstring adapter 3010 preferably comprises a 
substan t ially hollow tubular member or members. The innerstring adapter 
3010 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield countiy tubular goods, low 
30 alloy steel, carbon sted, stainless steel, or other similar hi^ strength materials. 
In a preferred embodiinent, the innerstring adapter 3010 is fabricated from 
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stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction sur&ces. 

The innerstring adapter 3010 may be coupled to the drill string 3005 
using any number of conventional commercially available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 3010 is removably coupled to 
the driU pipe 3006 by a driUpipe connection. The innerstring adapter 3010 may 
be coupled to the sealing sleeve 3015 using any number of conventional 
10 conunerdally available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 3010 is removably coupled to 
the sealing sleeve 3015 by a standard threaded connection. 
15 The innerstring adapter 3010 preferably includes a fluid passage 3085 

that is adapted to convey fluidic materials from the fluid passage 3080 into the 
fluid passage 3090. In a preferred embodiment^ the fluid passage 3085 is 
adapted to convey fluidic materials such as, for example, cement, epoa^, water, 
drilling mud, or lubricants at operating pressures ^d flow rsilses ranging from 
20 about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The sealing sleeve 3015 is coupled to the innvstring adapter 3010 and 
the first inner sealing mandrel 3020. The sealing sleeve 3015 preferably 
comprisesasubatantiaUy hoUow tubular member or members. Thesealing 
sleeve 3015 may be fabricated from any nunib9 of conventional commercially 
25 available mat w ria l fl such aa» for example, oilfield country tubular goods, low 
aUoy steel, carbon steel, stainless steel or othv similar high strength materi^^ 
In a preferred embodiment, the sealing sleeve 3015 is fabricated bom stainless 
steel in order to optimaUy provide high strength, corrosion resistance, and low 
friction surfaces. 

30 The sealing sleeve 3015 may be coupled to the innerstring adapter 3010 

using any nuniiber of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
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specialty type threaded coxmectiont ratchet-latch type connectioxi or a standard 
threaded ooxmectioQ.. In a preferred embodiment, the sealing sleeve 3015 is 
removab^ coupled to the innerstring adapter 3010 by a standard threaded 
connection. The sealing sleeve 3015 may be coupled to the first inner sealing 
5 mandrel 3020 using any number of conventional commercially available 
mechanical couplings such as, for example, drill]npe connection, oilfield country 
tubular gooda specially type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a prrferred embodiment, the 
sealing sleeve 3015 is removabfy coupled to Uie first inner sealing mandrel 3020 
10 by a standard threaded connection. 

The sealing sleeve 3015 preferably includes a fluid passage 3090 that is 
edited to convey fluidic materials from the fluid passage 3085 into the fluid 
passage 3095. In a preferred embodiment, the fluid passage 3090 is adapted to 
convey fluidic materials such as, for example, cement, epozy, water, drilling 
15 mud, or lubricants at operating pressures and flow rates ranging from about 0 
to 9,000 psi and 0 to d,(M)0 gallons/minute. 

The first inner sealing mandrel 3020 is coupled to the sealing sleeve 
3015, the hydraulic slips 3025, and the first lower sealing head 3035. The first 
inner sealing mandrel 3020 is further movably coupled to the first upper sealing 
20 head 3030. The first inner sealing mandrel 3020 preferably comprises a 
substantiaUy hollow tubular m^nber or members. The first inner sealing 
mandrel 3020 may be fabricated fitim any number of conventional commercially 
available materiab such aa, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, atainleaa sted, or similar high strength naaterials. Ina 
25 preferred emhodimimt> the first inner sealing mandrel 3020 ia fabricated from 
stainless ateel in order to optinciaUty provide high strength, oorrosioii resistance, 
and low fiiction surfaces. 

The first inner sealing mandrd 3020 may be coupled to the sealing sleeve 
3015 using any number of conventional commmiaUy available mechanical 
30 couplings such aa, for example, driUpipe connection, oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
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first inner sealing mandrel 3020 is removably coupled to the sealing sleeve 3015 
by a standard threaded connection. The first inner sealing mandrel 3020 may 
be coupled to the hydraulic sUps 3025 using any number of conventional 
commerdally available mechanical couplings such as, for example, drillpipe 
5 connection, oilfield countiy tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard threaded connection. In a 
preferred embodiment, the first inner sealing mandrel 3020 is removably 
coupled to the hydrauUc slips 3025 by a standard threaded connection. The 
first inner sealing mandrel 3020 may be coupled to the first lower sealing head 
10 3035 using any number of conventional commercially available mechanical 
couplings such as, for example, driDpipe connection; oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first inner sealing mandrel 3020 is removably coupled to the first lower sealing 
15 head 3035 by a standard threaded connection. 

The first inner sealing mandrel 3020 preferably includes a fluid passage 
3095 that is adapted to convey fluidic materials firom the fluid passage 3090 iato 
the fluid passage 3100. In a preferred embodiment, the fluid passage 3095 is 
adapted to convey fluidic materials such as. for example, water, drilling mud. 
20 cement, epoxy, or lubricants at operating pressures and flow rates ranging from 
about 0 to 9.000 psi and 0 to 3.000 gallona/!minute. 

The first inner sealing mandrel 3020 further preferabfy includes fluid 
passages 3110 that are adapted to convey fluidic materials from the fluid 
passage 3095 into the pressure chambers of the hydraulic slips 3025. In this 
25 manner, the slips 3025 are activated upon the pressuiization of the fluid 
passage 3095 into contact with the inside surface of the casing 3075. In a 
preferred embodiment, the fluid passages 3110 are adapted to convey fluidic 
materials such as, for example, cement, epoxy, water, drilling fluids or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
30 psi and 0 to 3,000 gallonaAninute. 

The first inner dealing mandrel 3020 furtho- preferably includes fluid 
passages 3115 that are adapted to conv^ fluidic ?Tii»f^A|n from the fluid 
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passage 3095 into the first pressure chamber 3175 defined by the first upper 
sealing head 3030, the first lower sealing head 3035, the first inner sealing 
mandrel 3020, and the first outer sealing mandrel 3040. During operation of 
the C4>paratu8 3000, pressurization .of the pressure chamber 3175 causes the 
5 first upper sealing head 3030, the first outer sealing mandrel 3040, the second 
upper sealing head 3050, the second outer sealing mandrel 3060, and the 
expansion cone 3070 to move in an axial direction. 

The slips 3025 are coupled to the outside surface of the first inner sealing 
mandrel 3020. During operation of the apparatus 3000, the slips 3025 are 
10 activated upon the pressurization of the fluid passage 3095 into contact with 
the inside surface of the casing 3075. In this manner, the slips 3025 fnft»n »^ m 
the casing 3075 in a substantially stationary position. 

The slips 3025 preferably include fluid passages 3125, pressure chambers 
3130, spring bias 3135, and slip members 3140. The slips 3025 may comprise 
15 any number of convrational commercial^ available hydraulic slips such as, for 
example, RTTS packer tungsten carbide hydraulic slips or Modd 3L retrievable 
bridge plug with hydraulic slips. In a preferred embodiment, the slips 3025 
comprise RTTS packer tungsten carbide hydraulic slips available from 
Halliburton Energ7 Services in order to optimally provide resistance to axial 
20 movement of the casing 3075 during the expansion protoess. 

The first upper sealing head 3030 is coupled to the first outer sealing 
mandrel 3040, the second upper sealing head 3050, the second outer sealing 
mandrel 3060, and the eaqwision cone 3070. The first upper sealing head 3030 
is also movably ooiqded to the outer surface of the first inner sealing mandrel 
25 3020 and the inner aarCaoe of the casing 3075. In this manner, the first upper 
sealing head 3030, the firat outer sealing mandrel 3040, the second upper 
sealing head 3050, the second outer sealing mandrel 3060, and the expansion 
cone 3070 reciprocate in the axial direction. 

The radial clearance between the inner cylindrical surface of the first 
30 upper sealing head 3030 and the outer surface of the first inner sealing mandrel 
3020 may range, fojr example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner ^lindrical surface of the 
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first upper sealing head 3030 and the outer surface of the first inner seating 
mandrel 3020 ranges from about 0.005 to 0.01 inches in order to optimally 
provide minimal radial clearance. The radial clearance between the outer 
c/lindrical surface of the first upper sealing head 3030 and the inner surface of 
5 the casing 3075 may range, for example, from about 0.025 to 0.375 inches. In a 
preferred onbodiment, the radial clearance between the outer qrlindrical 
surface of the first upper sealing head 3030 and the inner surface of the casing 
3075 ranges from about 0.025 to 0.125 inches in order to optimaUy provide 
stabilization for the expansion cone 3070 during the expansion process. 
10 The first upper sealing head 3030 preferably comprises an annular 

membv having substantiaUy cylindrical inner and outer surfaces. The first 
upper sealing head 3030 may be fabricated from any number of conventional 
commerdaUy available materials such as, for example, oilfield countay tubular 
goods, low alloy steel, carbon steel, or other similar h^^ strength materials. In 
15 a preferred embodiment, the first upper sealing head 3030 is fabricated from 
stainless steel in order to optinaally provide hi^ alragth, corrosion resistance, 
and low friction surfaces. The inner surface of the first upper sealing head 3030 
prrferably includes one or more annular sealing members 3145 for sealing the 
interface between the first upper sealing head 3030 and the first inner sealing 
20 mandrel 3020. The sealing menibera 3145 may comprise any nunibor of 
conventional oommerdaUy available annidar sealing members such as, for 
example, o-rin^, pQ^ypak seals or metal spring energized seals. In a prrferred 
embodimmt» the sealing members 3145 comprise pofypak seals available from 
Paricer seals in order to optimaUy provide sealing for a long axial stroke. 
25 In a preferred embodiment, the first upper sealing head 3030 includes a 

shouldo* 3150 for supporting the first upper sealing head 3030, first outer 
sealing mandrd 3040, second upp^ sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 on the first low« sealing head 3035. 
The first upper sealing head 3030 may be coupled to the first outer sealing 
30 mandrel 3040 using any number of conventional commercially available 

mechanical couplings duch as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
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connection. In a {ureferred embodiment, the first upper sealing head 3030 is 
ranovabb^ coupled to the first outer sealing mandrd 3040 by a standard 
threaded connection. In a preferred embodiment^ the mechanical coupling 
between the first uppo: sealing head 3030 and the first outer sealing mandrel 
5 3040 includes one or more sealing members 3155 for fluidicty sealing the 
interface between the first upper sealing head 3030 and the first outer sealing 
mandrel3040. The sealing members 3155 may comprise any number of 
conventional conunerdaUy available sealing members such as, for example, o- 
™^8S> polypak seals, or metal spring energized seals. In a preferred 
10 embodiment, the sealing members 3155 comprise pobi>ak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first lower sealing head 3035 is coupled to the first inner sealing 
mandrel 3020 and the second inner sealing mandrel 3045. The first lower 
sealing head 3035 b also movably coupled to the inner surface of the first outer 
15 sealing mandrel 3040. In this manner, the first upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing head 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial 
direction. The radial clearance between the outer surface of the first lower 
sealing head 3035 and the inner surface of the first outer sealing mandrel 3040 
20 may range, for example, fi^om about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance betwera the outer surface of the first lower 
sealing head 3035 and the inner surface of the outer sealing mandrel 3040 
ranges from about 0.005 to 0.01 inches in ordv to optimal^ provide minimal 
radial clearance. 

25 The first lower sealing head 3035 preferably comprises an annular 

member having sobatantiaUy cylindrical inner and outer surfaces. The first 
lower sealing head 3035 may be fabricated fi^m any number of conventional 
commercially available materials such as, for example, oilfidd oountzy tubular 
goods, low alloy sted, carbon sted, stainless sted or other similar Hi gh strength 

30 mat eri als. In a prefened embodiment, the first lower sealing head 3035 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low firiction surfaces. The outer surface of the first 
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lower sealing head 3035 preferably includes one or more annular sealing 
manbers 3160 for sealmg the interface between the first lower sealing head 
3035 and the first outer sealing mandrel 3040. The sealing members 3160 may 
comprise any number of conventional commerdalty available annular sealing 
5 members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 3160 comprise polypak 
seals available firom Parker Seals in order to optamally provide sealing for a long 
axial stroke. 

The first lower sealing head 3035 may be coupled to the first inner 
10 sealing mandrel 3020 using any number of conventional commercially available 
mechanical couplings such as, for example, diillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment^ the 
first lower sealing head 3035 is removably coupled to the first inner sealing 
15 mandrel 3020 by a standard threaded connection. In a prefored embodiment, 
the mechanical coupling between the first lower sealing head 3035 and the first 
inner sealing mandrel 3020 includes one or more sealing members 3165 for 
fluididy sealing the interface between the first lower sealing head 3035 and the 
first inner sealing numdrel 3020. The sealing members 3165 may comprise any 
20 number of conventional oonunercially available sealing members such as, for 
example, o-rings, polypak seals, or metal spring energized seals. In a preferred 
embodiment^ the sealing members 3165 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke length. 
The first lower sealing head 3035 mqr be coupled to the second inner 
25 sealing mandrel 3045 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first lower sealing head 3035 is removably coupled to the second inner sealing 
30 mandrel 3045 by a standard threaded connection. In a preferred embodiment, 
the mechanical couplizig between the first lower sealing head 3035 and the 
second inner aealing mandrel 3045 includes one or more sealing members 3170 
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for iluidicly sealing the interface between the first lower sealing bead 3035 and 
the second ixmet sealing mandrel 3045. The sealing members 3170 may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rxngs, polypak seals or metal spring energized seals. In a 
5 preferred embodiment, the sealing members 3170 comprise polypak seals 
available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The first outer sealing mandrel 3040 is coupled to the first upper sealing 
head 3030 and the second upper sealing head 3050. The first outer sealing 
10 mandrel 3040 is also movably coupled to the inner sxirface of the casing 3075 
and the outer surface of the first lower sealing head 3035. In this manner, the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and the expansion cone 
3070 reciprocate in the axial direction. The radial clearance between the outer 
15 surface of the first outer sealing mandrel 3040 and the inner surface of the 
casing 3075 may range, for example, firom about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface of the 
first outer sealing mandrel 3040 and the inner surface of the casing 3075 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for 
20 the expansion cone 3070 during the expansion process. The radial clearance 
between the inner surface of the first outer sealing mandrel 3040 and the outer 
surface of the first lower sealing head 3035 may range, for example, from about 
0.005 to 0.125 inches. In a preferred embodiment, the radial clearance between 
the inner surface of the first outer sealing mandrel 3040 and the outer surface 
25 of the first lower sealing head 3035 ranges from about 0.005 to 0.01 inches in 
order to optimaUy provide tniwimAl radial clearance. 

The first outer sealing mandrel 3040 preferabfy comprises an annular 
member having substantiality qylindrical inner and outa surfaces. The first 
outer sealing mandrel 3040 may be fiobricated from any number of conventional 
30 commerdaUy available materials such as, for example^ oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first onter sealing mandrel 3040 is 
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fabricated from stainless steel in order to optimaUy provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outer sealing mandrel 3040 may be coupled to the first upper 
sealing head 3030 using any number of conventional commercially avaUable 
5 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrel 3040 is removably coupled to the first upper sealing 
head 3030 by a standard threaded connection. In a preferred embodiment, the 
10 mechanical coupling between the first outer sealing mandrel 3040 and the first 
upper sealing head 3030 includes one or more sealing members 3180 for sealing 
the interface between the first outer sealing mandrel 3040 and the first upper 
sealing head 3030. The sealing members 3180 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
15 rings, polypak seals or metal spring energized seals. In a preferred 

embodiment, the sealing members 3180 comprise po^pak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 

The first outer sealing mandrd 3040 may be coupled to the second upper 
sealing head 3050 using any number of conventional commercially available 
20 mechanical couplings sudi as, for example, driUpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrel 3040 is rraiovably coupled to tiie second upper 
sealing head 3050 by a standard threaded connection. In a preferred 
25 embodiment^ the mechanical coupling between the first outer sealing mandrel 
3040 and the second upper sealing head 3060 includes one or more sealing 
members 3185 for sealing the interface between the first outer sealing mandrel 
3040 and the second upper sealing head 3050. The sealing members 3185 may 
comprise any number of conventional commercially available sealing members 
30 such as, for example, o-ringa, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 3185 comprise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

The second inner sealing mandrel 3045 is coupled to the first lower 
sealing head 3035 and the second lower sealing head 3055. The second inner 
5 sealing mandrd 3045 preferably comprises a substantiaUy hollow tubular 
member or members. The second inner sealing mandrel 3045 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield country tubular goods, low alloy steel, carbon steel, stainless 
steel or other similar hi^ strength materials. In a preferred embodiment, the 
10 second inner sealing mandrel 3045 is fabricated from stainless steel in ord^ to 
optimally provide high strength, corrosion resistance, and low firiction surfaces. 

The second inner sealing mandrel 3045 may be coupled to the first lower 
sealing head 3035 using any number of conventional commercially available 
mechanical coupUngs such as, for example, drillpipe connection, oilfield coimtry 
15 tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
second inner sealing mandrel 3045 is removably coupled to the first lower 
sealing head 3035 by a standard threaded connection. The second inner 
sealing mandrel 3045 may be coupled to the second lower sealing head 3055 
20 using any number of conventional oommerdally available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specially type threaded connection, ratchet-latch type connection, or a standard 
threaded connectkm. In a pr efe rred embodiment, the second inner sealing 
mandrel 3045 ia removably coupled to the second lower seating head 3055 by a 
25 standard threaded connection. 

The second inner sealing mandrel 3045 preferably includes a fluid 
passage 3100 that ia adapted to convey fluidic mnforiaig from the fluid passage 
3095 into the fluid passage 3105. In a preferred embodiment, the fluid passage 
3100 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
30 water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 
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The second inner sealing mandrel 3045 fiirther preferably includes fluid 
passages 3120 that are adapted to convey fluidic materials from the fluid 
passage 3100 into the second pressure chamber 3190 defined by the second 
upper sealing head 3050, the second lower sealing head 3055, the second inner 
5 sealing mandrel 3045, and the second outer sealing mandrel 3060. During 
operation of the apparatus 3000, presaurization of the second pressure chamber 
3190 causes the first upper sealing head 3030. the first outer sealing mandrel 
3040, the second upper sealing head 3050. the second outer sealing mandxid 
3060. and the expansion cone 3070 to move in an axial direction. 
10 The second upper sealing head 3050 is coupled to the first outer sealing 
mandrel 3040 and the second outer sealing mandrel 3060. The second upper 
sealing head 3050 is also movably coupled to the outer surface of the second 
inner sealing mandrel 3045 and the inner surface of the casing 3075. In this 
manner, the second upper sealing head 3050 redprocates m the anal direction. 
15 The radial clearance between the inner cylindrical surface of the second upper 
sealing head 3050 and the outer surface of the second inner sealing mandrel 
3045 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial dearaace between the inner tylindrical surface of the 
second upper sealing head 3050 and the outer surface of the second inner 
20 sealing mandrel 3045 ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal radial dearance. The radial dearance between the 
outer qdindrical surfkce of the second upper sealing head 3050 and the inner 
surface of the casing 3076 may range, for example, from about 0.025 to 0.375 
inches. In a preferred embodiment, the radial dearance between the outer 
25 (Tlindrical surface of the second upper sealing head 3060 and the inner surface 
of the casing 3075 ranges from about 0.025 to 0. 125 inches in order to optimaUy 
provide stabilization for the expansion cone 3070 during the expansion prticess. 

The second upper sealing head 3050 preferably conqnises an annular 
member having substantially cylindrical inner and outer surfaces. The second 
30 upper sealing headSO^Q may be fabricated from any number of conventional 
coounerdalfy available materials such as. for example, oilfidd country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar hi^ strength 
materials. In a. preferred eznbodiment^ the second upper sealing head 3050 is 
fabricated from stainless steel in order to optimally prtirvide hig^ strength, 
corrosion resistance, and low friction surfaces. The inner surface^of the second 
5 upper sealing head 3050 preferably includes one or more flnni^iaf sealing 
members 3195 for sealing the interface between the second upper sealing head 
3050 and the second inner sealing mandrel 3045. The sealing members 3195 
may comprise any number of conventional commerdaUy available anmijar 
sealing memb«8 such as, for sample, o-rings, polypak seals or metal spring 
10 energized seals. In a preferred embodiment, the sealing members 3195 
comprise polypak seals available from Parker Seals in order to optimally 
provide sealing for a long axial stroke. 

In a preferred embodiment, the second upper sealing head 3050 includes 
a shoulder 3200 for supporting the first upper sealing head 3030, first outer 
15 sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion cone 3070 on the second lower sealing head 3055. 

The second upper sealing head 3050 may be coupled to Uie first outer 
sealing mandrel 3040 using any number of conventional commercially available 

20 mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connectiont ralchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment^ the 
second upper sealing head 3050 is removably coupled to the first outer sealing 
mandrel 3040 by a standard threaded connection. In a preferred embodiment, 

25 the mechanioil coupling between the second upper sealing head 8050 and the 
first outer sealing mandrel 3040 indudea one or more sealing members 3185 for 
fluididy sealing the interface between the second upper sealing head 3050 and 
the first out« sealing mandrel 3040. The second upper sealing head 3050 may 
be coupled to the second outer sealing mandrel 3060 tming any number of 

30 conventional commerciaQy available mechanical couplings sudi as, for example, 
drillpipe connection, oilfield oountiy tubular goods spedalty type threaded 
connection, ratchet-latch type threaded connection, or a standard threaded 
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connection. In a preferred embodiinent» the second upper sealing head 3050 is 
removably coupled to the second outer sealing mandrel 3060 by a standard 
threaded connection. In a preferred embodimenti the mechanical coupling 
between ihe second upper seahng head 3050 and the second outer sealing 
5 mandrel 3060 includes one or more sealing members 3205 for fluididy sealing 
the interface between the second upper sealing head 3050 and the second outer 
sealing mandrel 3060. 

The second lower sealing head 3055 is coupled tb the second inn^ 
sealing mandrel 3045 and the load mandrel 3065. The second lower sealing 
10 head 3055 is also movably coupled to the inner surface of the second outer 
sealing mandrel 3060. In this manner, the first upper sealing head 3030, first 
outer sealing mandrel 3040, second upper sealing mandrel 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial 
direction. The radial clearance betwem the outer surface of the second lower 
15 sealing head 3055 and the inner surface of the second outer sealing mandrel 
3060 may range, for example, from about 0.0025 to 0.05 inches. In a inferred 
embodiment^ the radial clearance between the outer surface of the second lower 
sealing head 3055 and the inner surface of the second outer sealing mandrel 
3060 ranges from about 0.005 to 0.01 inches in order to optimally provide 
20 minimal radial dearanoe. 

The second lower sealing head 3055 preferably comprises an annular 
member having subatantiaUy cgiindrical inner and outer surfaces. The second 
lower sealing head 3055 ntiay be fiabricated bom any number of conventional 
oommerciaUy available mat^riala such aa, for exaoqile^ oilfield country tubular 
25 goods, low aUoy steel, carbon sted^atainleeaated, or other similar high 

strength materials. In a preferred embodiment, the second lower sealing head 
3055 is fabricated from stainless steel in order to optimaUy provide high 
strength, corrosion resistance, and low friction surfaces. The outer surface of 
the second lower sealing head 3055 preferably indudea one or more annular 
30 sealing members 3210 for sealing the interface between the second lower 
sealing head 3055 and'the second out^ sealing mandrel 3060. The sealing 
members 3210 may comprise any number of conventional commerdally 
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available annular sealing members such as, for example, o-rings, polypak seals, 
or metal spring.energizecl seal?. In a preferred embodiment, the sealing 
members 3210 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes. 
5 The second lower sealing head 3055 may be coupled to the second inner 

sealing mandrel 3045 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe oomnection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the second lowv sealing head 3055 is 
10 removably coupled to the second inner sealing mandrel 3045 by a standard 
threaded connection. In a preferred embodiment^ the mechanical coupling 
between the lower sealing head 3055 and the second inner sealing mandrel 
3045 includes one or more sealing members 3215 for fluididy sealing the 
interface between the second lower sealing head 3055 and the second inner 
15 sealing mandrel 3045. The sealing members 3215 may comprise any number of 
conventional commercially available sealing members such as, for example, o* 
rings, polypak seals or metal spring energized seals. In a preferred 
embodiment, the sealing members 3215 comprise polypak seals available from 
Parker Seab in order to optimally provide sealing for long axial strokes. 
20 The second lower sealing head 3055 may be coupled to the load mandrel 

3065 using any number of conventional commerciallty available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 
goods spedai^ type threaded connection, or a standard threaded connection. 
In a preferred embodiment, the second lower sealing head 3055 is removably 
25 coupled to the .toad mandrel 3065 by a standard threaded connection. Ina 
preferred embodiment^ the mechanical couiding between the second lower 
sealing head 3055 and the load mandrel 3065 indudea one or more sealing 
members 3220 for fluididy sealing the interface between the second lower . 
sealing head 3055 and the load mandrel 3065. The sealing members 3220 may 
30 comprise any number of convrational commerdal^ available sealing members 
such as, for exanqde, 6-rings, polypak seab or metal spring energized seals. In a 
preferred embodimenti the sealing members 3220 comprise polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long a:dai 
stroke. 

In a preferred eniibodiment, the second low^ sealing head 3055 includes 
a throat passage 3225 fluididy coupled between the fluid passages 3100 and 
5 3105. The throat passage 3225 is preferably ofreduced size and is adapted to 
receive and engage with a plug 3230, or other sinular device. In this manner, 
the fluid passage 3100 is fluididy isolated from the fluid passage 3105. In this 
manner, the pressiire chambos 3175 and 3190 are pressurized. Furthermore, 
the plaoemoit of the plug 3230 in the throat passage 3225 also pressurizes the 
10 pressure chambers 3130 of the hydraulic slips 3025. 

The second outer sealing mandrel 3060 is coupled to the second upper 
sealing head 3050 and the expansion cone 3070. The second outer sealing 
mandrel 3060 is also movablty coupled to the inner surface of the casing 3075 
and the outer surface of the second lower sealing head 3055. In this manner, 
15 the first upper sealing head 3030, first outer sealing mandrel 3040, second 
upper sealing head 3050, second outer sealing mandrel 3060, and the expansion 
cone 3070 redprocate in the axial direction. The radial dearance between the 
outer surfiBoe of the second outer sealing mandrel 3060 and the inner surface of 
the casing 3075 may range, for example, from about 0.026 to 0.375 inches. In a 
20 preferred embodiment, the radial dearance between the outer surface of the 
second outer sealing mandrel 3060 and the inner surface of the casing 3075 
ranges bom about 0.025 to 0.125 inches in order to optimally provide 
stabilization for the expansion cone 3070 during the expansion process. The 
radial dearance between the inner surface of the second outer sealing mandrel 
25 3060 and the outer surface of the second lower sealing head 3055 ma7 range, for 
example, bom about 0.0025 to 0.05 inches. In a prrferred embodiment, the 
radial dearance between the inner surface of the second outer sealing mandrel 
3060 and the outer surface of the second lower sealing head 3055 ranges from 
about 0.005 to 0.01 inches in order to optimally provide minimAl radial 
30 dearance. 

The second outer sealing mandrel 3060 preferabfy comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second 
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outer sealing mandrel 3060 may be fabricated from any number of conventional 
commerdalfy available mateii^ such as, for example, oilfield countiy tubular 
goods, low alloy steel, cart>on steel, stainless steel or other similar high strength 
materials. In a preferred embodiment^ the second outer sealing mandrel 3060 is 
5 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The second outer sealing mandrel 3060 may be coupled to the second 
upper sealing head 3050 using any number of conventional commerdaliy 
available mechanical couplings sudi as, for example, drillpipe connection, 
10 oilfield country tubular goods specialty type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
3060 is removably coupled to the second upper sealing head 3050 by a standard 
threaded connection. The second outer sealing mandrel 3000 may be coupled to 
the expansion cone 3070 using any number of conventional commercially 
15 available mechanical couplings such as, for example, drillpipe connection, 

oilfield countzy tubular goods specialty type threaded connection, or a standard 
threaded connection. In a preferred embodiment, the second outer sealing 
mandrel 3060 is removably coupled to the expansion cone 3070 by a standard 
threaded connection, 
20 The first upper sealing head 3030, the first lower sealing head 3035, the 

first inner sealing mandrel 3020, and the first outer sealing mandrel 3040 
together define the first pressure chamber 3175. The second upper sealing head 
3050, the second lower sealing head 3055, the second inner sealing mandrel 
3045, and the second outer sealing mandrel 3060 together define the second 
25 pressure chamber 3190. The first and second pressure chambers, 3175 and 
3190, are fluidic^ coupled to the passages, 3095 and 3100, via one or more 
passages, 3115 and 3120. During operation of the apparatus 3000, the plug 
3230 engages with the throat passage 3225 to fluididy isolate the fluid passage 
3100 from the fluid passage 3105. The pressure chambers, 3175 and 3190, are 
30 then pressurized which in turn causes the first upper sealing head 3030, the 
first outer sealing mandrel 3040, the second upper sealing head 3050, the 
second outer sealing mandrel 3060, and expansion cone 3070 to reciprocate in 
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the axial direction. The axial motioa of the expansion cone 3070 in turn 
expands the casing 3075 in the radial direction. The use of a plurality of 
pressure chambers, 3175 and 3190, eETectively multiplies the available driving 
force for the expansion cone 3070. 
5 The load mandrel 3065 is coupled to the second lower sealing head 3055. 

The load mandrel 3065 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The load mandrel 3065 may 
be fabricated firom any number of conventional commercially available 
materi als such as, for example, oilfield countiy tubular goods, low alloy steel, 
10 carbon steel, stainless steel or other similar hi^ strength materiab. In a 
preferred embodiment^ the load mandrel 3065 is fabricated from stainless steel 
in order to optimal^ provide high strength, corrosion resistance, and low 
firiction surfaces. 

The load mandrel 3065 may be coupled to the lower sealing head 3055 
15 using any number of conventional commerdally available mechanical couplings 
such as, for example, eposqr, cement, water, drilling mud, or lubricants. In a 
preferred embodiment, the load mandrel 3M5 is removably coupled to the lower 
sealing head 3055 by a standard threaded connection. 

The load mandrel 3065 preferably includes a fluid passage 3105 that is 
20 adapted to convey fluidic materials from the fluid passage 3100 to the r^on 
outside of the apparatus 3000. In a preferred embodiment, the fluid passage 
3105 is adapted to convey fluidic materials such as, for example, cement, epo^, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallonsAninute. 
25 The expansion cone 3070 is coupled to the second outer sealing mandrel 

3060. The expansion cone 3070 is also movMj coupled to the inner surface of 
the casing 3075. In this manner, the first upper seating head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and the expansion cone 3070 reciprocate in the axial direction. 
30 The reciprocation of the expansion cone 3070 causes the casing 3075 to expand 
in the radial direction! 
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The expansion cone 3070 preferably comprises an annular member 
having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
5 stuiiace ranges from about 3 to 28 inches in order to optimal^ provide an 
expansion cone 3070 for expanding typical casings. The axial length of the 
expansion cone 3070 may range, for example, from about 2 to 8 times the 
maximum outer diameter of the expansion cone 3070. In a preferred 
embodimraty the axial length of the expansion cone 3070 ranges from about 3 

10 to 5 times the maximum outer diameter of the expansion cone 3070 in order to 
optimally provide stabilization and centralization of the expansion cone 3070 
during the expansion process. In a particularly preferred embodiment, the 
TTiAYimiim outside diameter of the expansion cone 3070 is between about 95 to 
99 % of the inside diameter of the existing wellbore that the casing 3075 will be 

15 joined with. In a preferred embodiment, the angle of attack of the expansion 
cone 3070 ranges fit)m about 5 to 30 degrees in order to optimally balance the 
frictional forces with the radial expansion forces. 

The expansion cone 3070 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 

20 tool steel, nitride sted, titanium, tungsten carbide; ceramics, or other similar 
high strength materials. In a preferred embodiment, the expansion cone 3070 
is fabricated &t>m D2 machine tool steel in order to optimally provide hi^ 
strength and resistance to wear and galling. In a particularly p re f erred 
embodiment, the outside surface of the expansion cone 3070 has a surface 

25 hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
hi|^ strength and reaistanoe to wear and galling. 

The expansion cone 3070 may be coupled to the second outside sealing 
mandrel 3060 using any number of conventional commarcially avaflable 
mechanical couplings such as, for example, driUpipe connection, oilfield country 

30 tubular goods specialty type threaded connection, ratchet-latch type connection 
or a standard threaded connection. In a preferred embodiment, the expansion 
cone 3070 is coupled to the second outside sealing mandrel 3060 using a 
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Standard threaded connection in order to optimally provide high strength and 
sBsy disassembly. 

The casing 3075 is removably coupled to the sUps 3025 and the expansion 
cone 3070. The casing 3075 preferably comprises a tubular member. The 
5 casing 3075 m^ be fabricated from any number of conventional commerdally 
available matmak such as. for example, slotted tubidars, oilfield countzy 
tubular goods, carbon steel, low alloy steel, stainless steel, or other similar high 
strength materials. In a pr^erred embodiment, the casing 3075 is fabricated 
from oilfield country tubuhir goods available from various foreign and domestic 
10 steel mills in order to optimally provide high strength. 

In a preferred embodiment, the upper end 3235 of the casing 3075 
includes a thin wall section 3240 and an outer annular scaling member 3245. 
In a preferred embodiment, the wall thickness of the thin wall section 3240 is 
about 50 to 100 % of the regular wall thii^esa of the casing 3075. In this 
16 manner, the upper end 3235 of the casing 3075 may be easily radially expanded 
and defozmed into intimate contact with the loww end of an existing section of 
wellbore casing. In a in«ferred embodimrait, the lower end of the existing 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section 3240 of caaing 3075 into the thin walled 
20 section of the existing wellbore casing results in a wellbore casing having a 
substantially constant inside diameter. 

The annular Maling memba 3245 may be fabricated from any number of 
conventional oonunsrcially available sealing ""twiala such as, for example, 
^po^, rubber, metal or |ilaBti& In a preferred embodiment, the annular sealing 
25 member 3245 is Cabricated from StrataLock epoxy in order to optimaUy provide 
compressibility and wear resistance. The outside diameter of the annular 
sealing member 3245 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the wellbore casing that the casing 3075 is 
joined to. In this manner, after radial expansion, the annular sealing member 
30 3245 optimaUy provides a fluidic seal and also preferably optimaUy provides 
sufficient frictional force with the inside suiface of the existing section of 
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wellbore casing during the radial expansion of the casing 3075 to support the 
casing 3075. 

In a preferred embodiment, the lower end 3250 of the casing 3075 
includes a thin wall section 3255 and an outer annular sealing monber 3260. 
5 In a preferred embodiment, the wall thickness of the thin wall section 3255 is 
about 50 to 100 % of the regular waU thickness of the casing 3075. In this 
manner, the lower end 3250 of the casing 3075 may be essily earpanded and 
deformed. Furthermore, in this manner, an other section of casing may be 
easily joined with the lower end 3250 of the casing 3075 using a radial 
10 expansion process. In a preferred embodiment, the upper rad of the otiier 
section of casing also includes a thin wall section. In this manner, the radial 
expansion of the thin walled section of the upper end of the other casing into 
the thin waUed section 3256 of the lower end 3250 of the casing 3075 results in 
a wellbore casing having a substantially constant inside diameter. 
15 The upper annular sealing member 3245 may be fabricated from any 

number of conventional commercially available sealing mflWials such as, for 
example, epoxy, rubber, metal or plastic. In a preferred embodiment, the upper 
annular sealing member 3245 is fabricated from Stratalock epo^ in order to 
optimally provide conqncssibiUty and resistance to wear. The outside diameter 
20 of the upper annular sealing member 3245 preferably ranges from about 70 to 
95 % of the inside diameter of the lower section of the existing wellbore cssing 
that the casing 3075 is joined to. In this manner, after radial expansion, the 
upper annular sealing member 3245 preferably provides a floidic seal and also 
preferably provides sufficient frictional force with the inside wall of the 
25 wdlbore during the radial expansion of the casing 3075 to support the casing 
3075. 

The lower annular sealing membor 3260 may be fabricated from any 
number of conventional oommerdaUy available sealing materials such ss, for 
exan^de, epoqr, rubbtt, metal or plastic In a prefemd embodiment, the lower 
30 annular sealing member 3260 is fabricated from StrataLock epoxy in order to 
optimally provide con^iressibility and resistance to wear. The outside diameter 
of the lower annular sealing member 3260 preferab^ ranges from about 70 to 
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95 % of the inside diameter of the lower section of the existing weilbore casing 
that the casing 3075 is joined to. In this manner, the lower annular sealing 
member 3260 preferabb^ provides a fluidic seal and also preferably provides 
sufficient frictional force with the inside wall of the wellbore during the radial 
5 expansion of the casing 3075 to support the casing 3075. 

During operation, tiie apparatus 3000 is preferably positioned in a 
weUbore with the upper end 3235 of the casing 3075 positioned in an 
overlapping relationship with the lower end of an existing wellbore casing. In a 
particularly prefored embodiment, the thin waU section 3240 of the casing 
10 3075 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower md of the existing section of 
wellbore casing. In this manner, the radial aqumsion of the casing 3075 will 
compress the thin wall sections and annular compressible monbas of the upper 
end 3235 of the casing 3075 and the lower end of the existing wellbore casing 
15 into intimate contact During the positioning of the apparatus 3000 in the 
wellbore, the casing 3000 is preferably supported by the expansion cone 3070. 

After positioning the apparatus 3000, a first fluidic material Is then 
pumped into the fluid paaaage 3080. The first fluidic material nuqr comprise 
any number of conventional commercially available inntoriwla audi as, for 
20 exanq)Ie. drilling mud, water, epoxy, cement, slag mix or lubricants. In a 
preferred embodiment, the Grat fluidic material comprises a hardenable fluidic 
sealing material such as, for example, cement, epoxy, or slag mix in order to 
optimafly provide a hardoiable outer annular bo^y around the oqmnded casing 
3075. 

25 The first fluidic material may be pumped Into the fluid passage 3080 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the fluid passage 3080 at operating pressures and flow 
rates ranging from about 0 to 3,500 pal and 0 to 1,200 gaUons^ninute in order 
30 to optimally provide operating efiSdency. 

The first fluidic material pumped into the fluid pasaage 3080 peases 
through the fluid passages 3085, 3090, 3095, 3100, and 3105 and then outside of 
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the apparatus 3000. The first fliiidic material then prefi^ably fills the annular 
region between .the outside of the apparatus 3000 and the interior wails of the 
wellbore. 

The plug 3230 is then introduced into the fluid passage 3080. The plug 
5 3230 lodges in the throat passage 3225 and fluidicty isolates and blodcs off the 
fluid passage 3100. In a prefemd embodiment, a couple of volumes of a non- 
hardenable fluidic material are then pumped into the fluid passage 3080 in 
order to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 
10 A second fluidic material is then pumped into the fluid passage 3080. 

The second fluidic material may comprise any number of conventional 
conmierdaUy available materials such as, for example* water, drilling gases, 
drilling mud or lubricant In a preferred embodiment, the second fluidic 
material comprises a non-hardenable fluidic mfttorifll such as, for example, 
15 water, drilling mud, drilling gases, or lubricant in order to optimally provide 
pressurization of the pressure chambers 3175 and 3190. 

The second fluidic matmal may be pumped into the fluid passage 3080 at 
operating pressures and flow rates ranging, for example, firom about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
20 fluidic material is pumped into the fluid passage 3080 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUons/minute 
in order to optimally provide operational eGScienqy. 

The second fluidic material pumped into the fluid passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100 and into the pressure 
25 chambers SlSOoftfae slips 3025, and into the pressure duunbers 3175 and 
3190. Continued pumping of the second fluidic material pressurizes the 
pressure chambers 3130, 3175, and 3190. 

The pressurization of the pressure diambers 3130 causes the hydraulic 
slip members 3140 to expand in the radial direction and grip the interior 
30 surface of the casing 3075. The casing 3075 is thm preferably maintained in a 
substantially stationary position. 
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The preasurization of the pressure chambers 3175 and 3190 cause the 
first upper sealmg head 3030, first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer sealing mandrel 3060, and expansion cone 3070 
to move in an azial direction relative to the casing 3075. In this manner, the 
5 expansion cone 3070 will cause the casing 3075 to expand in the radial 
direction, beginning with the lower end 3250 of the casing 3075. 

During the radial expansion process, the casing 3075 is prevented from 
moving in an upward direction by the sUps 3025. A length of the casing 3075 is 
then expanded in the radial direction through the preBsuiization of the pressure 
10 chambers 3175 and 3190. The length of the casing 3075 that is expanded 
during the expansion process will be proportional to the stroke length of the 
first upper sealing head 3030, first onta sealing mandrel 3040, second upper 
sealing head 3050, and expansion cone 3070. 

Upon the oonq>letion of a stroke, the operating pressure of the second 
15 fluidic matoial is reduced and the first uppor sealing head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrd 3060, and expansion oone 3070 drop to their rest positions with the 
casing 3075 supported hy the ezpanaion cone 3070. The reduction in the 
operating pressure of the second fluidic material also causes the spring bias 
20 3135 of the sUps 3025 to pull the slip members 3140 aw^7 from the inside walls 
ofthe casing 3075. 

Th» position of the drillpipe 3075 is preferably adjusted throughout the 
radial apmatm process in order to maintain the overlapping relationship 
between the thin walled sections of the lower end of the easting wellbore casing 
25 and the uppo- end of the casing 3235. In a prrferred embodiment, the stroking 
of the expansion cone 3070 is then repeated, as neceasaiy, until the thin walled 
section 3240 of the uppor end 3235 of the casing 3076 is expanded into the thm 
walled section of the lower end of the existing wellbore casing. In this manner, 
a wellbore casing is formed induding two ai^acent sections of casing having a 
30 substantially constant inside diameter. This process mqr thai be repeated for 
the entirety of the wellbore to provide a wellbore casing thousands of feet in 
length having a substantia^y constant inside diameter. 
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In a preferred exzibodiment^ during the final stroke of the expansion cone 
3070, the slips 3025. are positioned as dose as possible to the thin walled section 
3240 of the upper end 3235 of the casing 3075 in order minimize slippage 
between the casiog 3075 and the existing wellbore casing at the end of the 
5 radial expansion process. Alternatively, or in addition, the outside diameter of 
the upper annular sealing member 3245 is selected to ensure su£Bdent 
interference fit with the inside diameter of the lower end of the existing cssing 
to prevent axial displacement of the casing 3075 during the final stroke. 
Alternatively, or in addition, the outside diameter of the lower aT^P M W sealing 
10 member 3260 is sdected to provide an interference fit with the inside walls of 
the wellbore at an earlier point in the radial expansion process so as to prevent 
further axial displacement of the casing 3075. In this final alternative, the 
interference fit is preferably sdected to permit expanrion of the casing 3075 by 
pulling the expansion cone 3070 out of the wellbore, without having to 
15 pressurize the pressure chambers 3175 and 3190. 

During the radial expansion process, tiie pressurized areas of the 
apparatus 3000 are preferably limited to the fluid passages 3080, 3085, 3090, 
3095, 3100, 3110, 3115, 3120, the pressure chambers 3130 within the slips 
3025, and the pressure chambers 3175 and 3190. No fluid pressure acts directiy 
20 on the casing 3075. This permits the use of operating pressures hi^er than the 
casing 3075 could normally withstand. 

Once the casing 3075 haa be» conqdetely expanded off of the expansion 
cone 3070, the remaining portions of the apparatus 3000 are removed from the 
wellbore. In a prrferred anbodim«at» the contact presaure betweoi the 
25 deiformed thin waU sections and GompraaiUe annular members of the lower 
end of the existing casing and the upper end 3235 of the casing 3076 ranges 
from about 400 to 10,000 psi in order to optimaUiy support the casing 3075 
using the eristing wellbore casing. 

In this manner, the casing 3075 is radiaUy expanded into contact with an 
30 existing section of casing by pressurizing the interior fluid passages 3080, 3085, 
3090, 3095, 3100, 3110, 3115, and 3120, the pressure chambers 3130 of the slips 
3025 and the pressure chambers 3175 and 3190 of the apparatus 3000. 
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In a preferred embodiment, as required, the annular body of hardenable 
fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 3075. In the case where the casing 3075 is slotted, the 
cured fluidic material preferably permeates and envelops the ezpuided casing 
5 3075. The resulting new section of weUbore casing includes the expanded 
casing 3075 and the rigid outer annular body. The overlapping joint between 
the pre-existing wellbore casing and the expanded casing 3075 includes the 
deformed thin wall sections and the compressible outer anm^iflr bodies. The 
inner diameter of the resulting combined wellbore casings is substantially 

10 constant In this manner, a mono-diameter wellbore casing is formed. This 
process of expanding overhqpping tubular members having thin wall end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
can be provided for thousands of feet in a subtenranean formation. 

15 In a preferred embodiment, as the apansion cone 3070 nears the upper 

end 3235 of the casing 3075, the operating flow rate of the second fluidic 
material is reduced in order to minimize shock to the apparatus 3000. In an 
alternative embodiment, the apparatus 3000 indudee a shock absorber for 
absorbing the shock created by the completion of the radial expansion of the 

20 casing 3075. 

In a preferred embodiment, the reduced operating pressure of the second 
flmdic material ranges from about 100 to 1,000 pei as the expansion cone 3070 
nears the end of the casing 3075 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 3070. In a preferred embodiment, 

25 the opo^ting pressure of the second fluidic material is reduced during the 
rettum stroke of the apparatus 3000 to the range of about 0 to 500 psi in order 
minimise the resistance to the movement of the expansion cone 3070 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
3000 ranges firom about 10 to 45 feet in order to optimally provide etfuipment 

30 that can be easily handled by typical oil well rigging equipnent and also 
minimize the frequenqr at which the apparatus 3000 must be re-stroked. 
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In an alternative embodiment^ at least a portion of one or both of the 
upper sealing heads, 3030 and 3050, includes an expansion cone for radially 
expanding the casing 3075 during operation of the apparatus 3000 in order to 
increase the surface area of the casing 3075 acted upon during the radial 
5 expansion process. In this manner, the operating pressures can be reduced. 

Alternative^, the apparatus 3000 may be used to join a Orst section of 
pipeline to an existing section of pipeline. Alternatively, the apparatus 3000 
may be used to directly line the interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable material. Alternatively, the 
10 apparatus 3000 may be used to expand a tubular support member in a hole. 

Referring now to Figure 21, an apparatus 3330 for isolating subterranean 
zones will be described. A wellbore 3305 including a casing 3310 are positioned 
in a subterranean formation 3315. The subterranean formation 3315 includes a 
number of productive and non-productive zones, including a water zone 3320 
15 and a targeted ofl sand zone 3325. During exploration of the subterranean 
formation 3315, the wellbore 3305 may be extended in a well known manner to 
traverse the various productive and non-productive zones, including the watw 
zone 3320 and the targeted oil sand zone 3325. 

In a prefOTed embodimmt, in order to auididy isolate the water zone 
20 3320 from the targeted oil sand zone 3325, an apparatua 3330 is provided that 
includes one or more sections of solid casing 3335, one or more external seals 
3340, one or more aediona of slotted casing 3345, one or more intermediate 
sections of solid casing 3350, and a solid shoe 3356. 

The solid casing 3335 may provide a fluid conduit that transmits fluids 
25 and other materials from one end of the solid casing 3335 to the other end of 
the solid casing SSS5. Tlie solid casing 3335 may oonqirise any number of 
conventional commercially available sections of solid tubular casing such as, for 
example, oilfield tubulars fabricated from chromium steel or fibergiass. Ina 
preferred embodiment, the solid casing 3335 comprises oilfidd tubulars 
30 a:vailable from varioua foreign and domestic steel mills. 

The solid casing 3335 is preferably coupled to the casing 3310. The solid 
casing 3335 may be coupled to the casing 3310 using cmy number of 
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conventional commercially available processes such as, for example, welding, 
slotted and expandable connectors, or expandable solid connectors. In a 
preferred embodiment, the solid casing 3335 is coupled to the casing 3310 by 
using expandable solid connectors. The solid casing 3S3S may comprise a 
5 plurality of such solid casings 3335. 

The solid casing 3335 is preferably coupled to one more of the slotted 
casings 3345. The solid casing 3335 may be coupled to the slotted casing 3345 
using any number of oonv^tional oommerdally available processes such as, for 
example, welding, or slotted and expandable connectors* In a preferred 
10 embodiment, the solid casing 3335 is coupled to the slotted casing 3345 by 
expandable solid connectors. 

In a preferred embodiment, the casing 3335 includes one more valve 
members 3360 for controlling the flow of fluids and other mnti»n >|p within the 
interior r^on of the casing 3335. In an alternative embodiment, during the 
15 production mode of operation, an internal tubular string with various 

arrangements of packers, perforated tubing, sliding sleeves, and valves may be 
employed within the apparatus to provide various options for commingling and 
isolating subterranean zones from each other while providing a fluid path to the 
surface. 

20 In a particularly preferred embodiment, the casing 3335 is placed into 

the wellbore 3305 by expanding the casing 3335 in the radial direction into 
intimate contact with the interior walls of the wellbore 3305. The casing 3335 
may be expanded in the radial direction using any number of conventional 
commercially available methods. In a preferred embodiment, the casing 3335 is 

25 expanded in the radial direction using one or more of the processes and 
apparatus described within the presoit disclosure. 

The seals 3340 prevent the passage of fluids and other materials within 
the annular region 3365 between the solid casings 3335 and 3350 and the 
wellbore 3305. The seals 3340 may cpnqirise any number of conventional 

30 commercially available sealing materials suitable for sealing a casing in a 
wellbore sudi as, for example, lead, rubber or epoi^. In a preferred 
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embodimenti the seals 3340 comprise Stratalok epozy material available frcm 
Halliburton Energy Services. 

The slotted casing 3345 permits fluids and other materials to pass into 
and out of the interior of the slotted casing 3345 from and to the annular region 
5 3365. In this manner, oil and gas may be produced from a producing 
subterranean zone within a subterranean formation. The slotted casing 3345 
may oonqirise any number of conventional commerdaUy available sections of 
slotted tubular casing. In a preferred embodiment, the slotted casing 3345 
comprises opandable slotted tubular casing available from Petroline in 
10 Abeerdeen, Scotland. In a particularly preferred embodiment, the slotted 
casing 145 comprises expandable slotted sandscreen tubular casing available 
from Petroline in Abeerdeen, Scotland. 

The slotted casing 3345 is preferably coupled to one or more solid casing 
3335. The slotted casing 3345 may be coupled to the solid casing 3335 using 
15 any number of conventional commercially available processes such as, for 
example, welding, or slotted or solid expandable connectors. In a preferred 
embodiment, the slotted casing 3345 b coupled to the solid casing 3335 by 
expandable solid connectors. 

The slotted casing 3345 is preferably coupled to one or more 
20 intermediate soUd casings 3350. The slotted casing 3345 may be coupled to the 
intermediate solid casing 3350 using any number of conventional conmierdally 
available processes such as, for example, welding or expandable solid or slotted 
connectors. In a j^erred onbodiment, the slotted casing 3345 is coupled to 
the inte rme dia t e solid casing SS50 by expandable solid connectors. 
25 The last section of slotted casing 3345 is preferabfy coupled to the shoe 

3355. The last slotted casing 3345 may be coupled to the shoe 3355 using any 
number of conventional commercially available processes such as, for example, 
welding or eq)andable solid or slotted connectors. In a fo^erred embodiment, 
the last slotted casing 3345 is coupled to the shoe 3355 by an expandable solid 
30 connector. 

In an alternative embodiment, the shoe 3355 is coupled directly to the 
last one of the intermediate solid casings 3350. 

- 220 . 

SUBSTITUTE SHEET (RULE 26) 



WO00n7431 



PCT/ILOO/00245 



In a preferred embodiment^ the slotted casings 3345 are positioned 
witiiin the wellbore 3305 by^espanding the slotted casings 3345 in a radial 
direction into intimate contact with the interior walls of the wdlbore 3305. The 
slotted casings 3345 may be expanded in a radial direction using any number of 
5 conventional commercially available processes. In a preferred embodiment, the 
slotted casings 3345 are expanded in the radial direction using one or more of 
the processes and ^paratus disclosed in the present disclosure with reference 
to Figures 14a-20. 

The intermediate solid casing 3350 permits fluids and other materials to 

10 pass between aiQaoent slotted casings 3345. The intermediate solid casing 3350 
may Gom|»rise any number of conventional commercial^ available sections of 
solid tubular casing such as, for exan4>le, oilfield tubulars fabricated from 
chromiiun steel or fiber^asa. In a prefOTed embodiment^ the intermediate 
solid casing 3350 comprises oilfield tubulars available from foreign and 

15 domestic steel mills. 

The intermediate solid casing 3350 is preferably coupled to one or more 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any niunber of conventional 
commercially available processes sudi as, for example, welding, or solid or 

20 slotted expandable connectora. In a p refe rred embodiment, the intermediate 
solid casing 3350 is coupled to the slotted casing 3345 by expandable solid 
connectors. The intermediate solid casing 3350 may comprise a plurality of 
such intermediate solid casing 3350. 

In a preferred embodiment, each intermediate solid casing 3350 includes 

25 one more valve members 3370 for controlling the flow of fluids and other 
materials within the interior region of the intermediate casing 3350. In an 
altmiative embodiment, as will be recognized by parsons having ordinary skill 
in the art and the benefit of the present disclosure, during the production mode 
of operation, an internal tubular string with various arrangements of packers, 

30 perforated tubing, sliding sleeves, and valves may be employed within the 
apparatus to provide various options for commingling and isolating 
subterranean zon^ frt)m each other ^K^iile providing a fluid path to the surface. 
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In a particularly preferred embodiment, the intermediate casing 335C is 
placed into the weilbore 3305 by expanding the intermediate casing 3350 in the 
radial direction into intimate contact with the interior walls of the weilbore 
3305. The intermediate casing 3350 may be expanded in the radial direction 
5 using any number of conventional commercially available methods. 

In an alternative embodiment, one or more of the intermediate solid 
casings 3350 may be omitted. In an alternative preferred embodiment, one or 
more of the slotted casings 3345 are provided with one or more seals 3340. 
The shoe 3355 provides a support member for the apparatus 3330. In 
10 this manner, various production and exploration tools may be supported by the 
show 3350. The shoe 3350 may comprise any niunber of conventional 
commercially available shoes suitable for use in a weilbore such as, for example, 
cement filled shoe, or an aluminum or composite shoe. In a preferred 
embodiment, the shoe 3350 comprises an aluminum shoe available from 
15 Halliburton. In a preferred embodiment, the shoe 3355 is selected to provide 
sufficient strength in compression and tension to permit the use of high 
capacity production and exploration tools. 

In a particularly preferred embodiment, the e^paratus 3330 includes a 
plurality of solid casings 3335, a plurality of seals 3340, a plurality of slotted 
20 casings 3345, a plurality of intermediate solid casings 3350, and a shoe 3355. 
More general^, the apparatus 3330 may comprise one or more solid casings 
3335, each with one or wotb valve members 3360, n slotted casings 3345, n-1 
intermediate solid casings 3350, each with one or more valve members 3370, 
and a shoe 3355. 

25 During operation of the i^paratus 3330, ofl and gas may be controUably 

produced from the targeted oil sand xone 3325 using the slotted casings 3345. 
The oil and gas may then be transported to a surface location using the solid 
casing 3335. The use of intermediate solid casings 3350 with valve members 
3370 permits isolated sections of the zone 3325 to be selectively isolated for 

30 production. The seals 3340 permit the zone 3325 to be fluidicly isolated from 
the zone 3320. Th^ seals 3340 further permits isolated sections of the zone 
3325 to be fluidicly isolated from each other. In this manner, the apparatus 
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3330 permits unwanted and/or non-productive subterranean zones to be 
fluididy isolated. 

In an alternative embodiment^ aa will be recognized by persons having 
ordinary skill in the art and also having the benefit of the presentdisdosure, 
5 during the production mode of operation, an internal tubular string with 
various arrangements of packers, perforated tubing, sliding sleeves, and valves 
may be employed within the apparatus to provide various options for 
co mminglin g and isolating subterranean zones from each other while providing 
a fluid path to the surface. 
10 Referring to Figures 22a, 22b, 22c and 22d, an embodiment of an 

apparatus 3500 for forming a wellbore casing while drilling a wellbore will now 
be described In a preferred embodimmt, the apparatus 3500 indudes a 
support member 3505, a mandrel 3510, a mandrd launcher 3515, a shoe 3520, a 
tubular member 3525, a mud motor 3530, a drill bit 3535, a first fluid passage 
15 3540, a second fluid passage 3545, a pressure chamber 3550, a third fluid 
passage 3555, a cup seal 3560, a body of lubricant 3565, seals 3570, and a 
releasable coupling 3600. 

The support member 3505 is coupled to the mandrd 3510. The support 
member 3505 preferabfy comprises an annular member having suffident 
20 strength to carry and support the apparatus 3500 within the wellbore 3575. In 
a preferred embodiment, the support member 3505 further indudes one or 
more conventional centralizers (not illustrated) to hdp stabilize the apparatus 
3500. 

The support member 3505 may comprise one or more sections of 
25 conventional conmierdaQy available tubular materials such aa, for example, 
oilfidd country tubular goods, low alloy steel, stainless sted or carbon sted. In 
a preferred embodiment, the support member 3505 cojnpnaoa coiled tubing or 
drillpipe in order to optimaUy permit the placement of the apparatus 3500 
within a non-vertical wellbore. 
30 In a preferred embodiment, the support member 3505 indudes a first 

fluid passage 3540 for conveying fluidic materials from a surface location to the 
fluid passage 3545. In a preferred embodiment, the first fluid passage 3540 is 
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adapted to convey fluidic materials such as water, drilling mud, cement, epozy 
or slag mix at operating pressures and flow rates ranging firom about 0 to 
10,000 pai and 0 to 3,000 ganons/minute. 

The mandrel 3510 is coupled to and supported by the support member 
5 3505. The mandrel 3510 is also coupled to and supports the mandrel launcher 
3515 and tubular member 3525. The mandrel 3510 is preferably adapted to 
controUably expand in a radial direction. The mandrel 3510 may comprise any 
number of conventional commerdaUy available mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
10 embodimwt» the mandrel 3510 comprises a hydraulic expansion tool as 

disclosed in U.S. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the «^«M*hingn of the present 
disclosure. 

In a preferred embodiment, the mandrel 3510 includes one or more 
15 conical sections for expanding the tubular member 3525 in the radial direction. 
In a preferred embodiment, the outer surfaces of the conical sections of the 
mandrel 3510 have a surface hardness ranging from about 58 to 62 Rockwell C 
in order to optimally radiaUy expand the tubular member 3525. 

In a pref«Ted embodiment, the mandrel 3510 indudea a second fluid 
20 passage 3545 fluidicly coupled to the first fluid passage 3540 and the pressure 
chamber 3550 for oonvc^ying fluidic materials from the first fluid passage 3540 
to the pressure chamber 3550. In a p r ef erred embodiment, the second fluid 
passage3545i8adapted to convey fluidic matoiala such aa water, drilling mud, 
cement, epo^ or atog mix at operating pressures and flow rates ranging firom 
25 about 0 to 12,000 pai and 0 to 3,500 gaUono/kninute in order to optim^ 
provide operating pressure for efifidoit operation. 

The mandrel laundiw 3515 is coupled to the tubular member 3525, the 
mandrel 3510, and the shoe 3520. The mandrel launcher 3515 preferably 
comprises a tap^^ annular member that mates with at a portion of at least 
30 one of the conical portions of the outer surface of the mandrel 35 10, In a 
prefOTed embodimral, the waU thickness of the mandrel launcher is less than 
the wall thickneftH of the tubular member 3525 in order to facilitate the 
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initiation of the radial expansion process and facilitate the placement of the 
apparatus in openings bavinjr ti^t clearances. In a preferred embodiment, the 
wall thickness of the mandrel laimcher 3515 ranges from about 50 to 100 % of 
the waU thickness of the tubular member 3525 immediately adjacent to the 
5 mandrel launcher 3515 in order to optimally factliate the radial expansion 
process and facilitate the insertion of the apparatus 3500 into wellbore casings 
and other areas with tight clearances. 

The mandrel launcher 3515 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
10 country tubular goods, low aUoy steel, carbon steel or stainless steel. In a 
preferred embodiment, the mandrel launcher 3515 is fabricated from oilfield 
countiy tubular goods of higher strength by lower wall thickness than the 
tubular member 3525 in order to optimally provide a smaller container having 
approximately the same burst strength as the tubular member 3525. 
15 The shoe 3520 is coupled to the mandrel launcher 3515 and the 

releasable coupling 3600. The shoe 3520 preferably oonqnises a substantially 
annular member. In a preferred embodiment, the shoe 3520 or the releasable 
coupling 3600 include a third fluid passage 3555 fluidic|y coupled to the 
pressure chamber 3550 and the mud motor 3530. 
20 The shoe 3520 may comprise any number of conventional commercially 

available shoes such as, for example, cemrat filled, aluminum or composite 
modified in accordance with the teachings of the present disclosure. In a 
preferred embodiment, the shoe 3520 comprises a high strength shoe having a 
burst strength approximately equal to the burst strength of the tubular 
25 member 3525 and mandrel launch^ 3515. The shoe 35^ is preferably coupled 
to the mud motor 3520 by a releasable coupling 3600 in order to optimaUy 
provide for removal of the mud motor 3530 and drill nit 3535 upon the 
completion of a drilling and casing operation. 

In a preferred embodiment, the shoe 3520 includes a releasable latch 
30 mechanism 3600 for retrieving and removing the mud motor 3530 and drill bit 
3535 upon the completion of the drilling and casing formation operations. In a 
preferred embodiment, the shoe 3520 further includes an anti-rotation device 
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for maintaining the shoe 3520 in a substantially stationary rotational position 
during operation of the apparatus 3^00. In a preferred embodiment, the 
releasable latch mechanism 3600 is releasably coupled to the shoe 3520. 

The tubular member 3525 is supported by and coupled to the mandrel 
5 3510. The tubular member 3525 is escpanded in the radial direction and 

extruded off of the mandrel 3510. The tubular member 3525 may be fabricated 
from any number of conventional commmially available materials such as, for 
example, Oilfield Country Tubular Goods (OCTG), 13 chromium steel 
tubing/casing, automotive grade steel, or plastic tubing/casing. In a preferred 

10 embodiment, the tabular member 3525 is fabricated from OCTG in order to 
maximize strength after expansion. The inner and outer diameters of the 
tubular member 3525 nuQr range, for example, fit>m aqn^^ozimately 0.75 to 47 
inches and 1.05 to 48 inched, respective. In a preferred embodiment, the 
inner and ontm diameters of the tubular monber 3525 range from about 3 to 

15 15.5 inches and 3.5 to 16 inches, respectively in order to optimally provide 
minimal tdescoping eCfect in the moat commonly drilled wrflbore sizes. The 
tubular member 3525 preferably comprises an Anmilur member with solid 
walls. 

In apreferred «nbodiment, the upper end portion 3580 of the tubular 
20 member 3525 is slotted, perforated, or otherwise modified to catch or slow down 
the mandrel 3610 when the mandrel 3510 completes the extrusion of tubular 
member 3525. For.typical tubular member 3525 materials, the length of the 
tubular member SS25 ia preferably limited to between about 40 to 20,000 feet in 
length. The tubular vaember 3525 may comprise a sin^^e tubular member or, 
25 alternative^, a plurality of tubular membera coupled to one another. 

The mud motor 3530 ia coiqiled to the shoe 3520 and the drill bit 3535. 
The mud motor 3530 is also fluidicfy coupled to the fluid passage 3556. In a 
preferred embodiment, the mud motor 3530 ia driven fay fluidic materials such 
as, for example, drilling mud, water, cement, epoo^, lubricanta or slag mix 
30 conveyed from the fluid passage 3555 to the mud motor 3530. In this manner, 
the mud motor 3530 drives the drill bit 3535. The operating pressures and flow 
rates for operating mud motor 3530 may range, for example, frnm about 0 to 
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12,000 psi and 0 to 10,000 gallons/minute. In a preferred embodiment, the 
operating pressures and flow rates for operating mud motor 3530 range from 
about 0 to 5,000 psi and 40 to 3,000 gallons/minute. 

The mud motor 3530 may comprise any number of conventional 
5 commercially available mud motors, modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment^ the size of the mud motor 
3520 and drill bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525. In this manna:, the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 
10 conclusion of the drilling and casing operations. 

The drill bit 3535 is coupled to the mud motor 3530. The drill bit 3535 is 
preferably adapted to be powered by the mud motor 3530. In this manner, the 
drill bit 3535 drills out new sections of the wellbore 3575. 

The drill bit 3535 may comprise any number of conventional 
15 commercially available driU bits, modified in accordance with the teachings of 
the present disdosiire. In a prefmred embodiment, the size of the mud motor 
3520 and drill bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525. In this manner, the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 
20 conclusion of the drilling and casing operations. In sev^al alternative 

preferred embodiments, the drill bit 3535 comprises an eccentric drill bit, a bi- 
centered drill hit, or a small diameter drill bit with an hydraulically actuated 
under reamer. 

The first fluid passage 3540 permits fluidic materials to be transported to 
25 theseoondfluidpa88ageS545, the pressure cfaambv 3550, the third fluid 
passage 3555, and the mud motor 3530. He first fluid passage 3540 is coupled 
to and positioned within the support member 3505. The first fluid passage 
3540 preferably extends fit)m a position ai^aoent to the surface to the second 
fluid passage 3545 within the mandrel 3510. The first fluid passage 3540 is 
30 preferab^ positioned along a centerline of the apparatus 3500. 

The second flmd passage 3545 permits fluidic materials to be conveyed 
from the first fluid passage 3540 to the pressure chamber 3550, the third fluid 
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passage 355S, and the mud motor 3530. The second fluid passage 3545 is 
coupled to^a positioned within the mandrel 3510. The second fluid passage 
3545 preferably extends from a position adjacent to the flrst fluid passage 3540 
to the bottom of the mandrel 3510. The second fluid passage 3545 ia preferably 
5 positioned substantially along the centerline of the ^paratus 3500. 

The pressure chamber 3550 permits fluidic materials to be conveyed 
from the second fluid passage 3546 to the third fluid passage 3555, and the mud 
motor 3530, The pressure chamber is preferably defined by the region bdow 
the mandrel 3510 and within the tubular member 3525, mandrel laimcher 
10 3515, shoe 3520, and releasable coupling 3600. During operation of the 

^paratus 3500, presaurization of the pressure chamber 3550 preferably causes 
the tubular member 3525 to be extruded off of the mandrel 3510. 

The third fluid passage 3555 permits fluidic n}^tmn\B to be conveyed 
from the pressure chamber 3550 to the mud motor 3530. The third fluid 
15 passage 3555 may be coupled to and positioned within the shoe 3520 or 

releasable coupling 3600. The third fluid passage 3555 preferably extends from 
a position adjacent to the pressure chambs 3550 to the bottom of the shoe 3520 
or releasable coupling 3600. The third fluid passage 3555 is preferably 
positioned subatantiaUy along the centerline of the apparatus 3500. 
20 The fluid passages 3540, 3545, and 3555 are prieferably selected to convey 

materials such as cement, drilling mud or epoxies at flow rates and pressures 
ranging frt)m about.O to 3,000 gallona/minuto and 0 to 9,000 psi in order to 
optimally operational effictency. 

The cup seal 3560 is coupled to and supported by the outer surface of the 
25 support me[nber 3505. The cup seal 3560 prevents foreign materials from 
entering the interior region of the tubular member 3525. The cup seal 3560 
may comprise any number of conventional commerdaUy available cup seals 
such as, for example, TP cups or SIP cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 
30 3560 comprises a SIP cup, available from Halliburton Energy Services in Dallas, 
TX in order to optimally block the entry of foreign matcriialB and contain a body 
of lubricant In a preferred embodiment, the apparatus 3500 indudes a 
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plurality of such cup seals in order to optunally prevent the entiy of foreign 
material into the interior r^on of the tubular member 3526 in the vicinity of 
the mandrel 3510. 

In a preferred embodiment, a quantity of lubricant 3565 ia provided in 
5 the annular region above the mandrel 3510 within the interior of the tubular 
member 3525. In this manner, the eztruaion of the tubular member 3525 off of 
the mandrel 3510 is facilitated. The lubricant 3565 may comprise any number 
of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax 1600 
10 Antisieze (3100). In a preferred embodiment, the lubricant 3565 comprises 
Climax 1500 Antisieze (3100) available from Climax Lubricants and Equipment 
Co. in Houston, TX in order to optimally provide optimum lubrication to 
fadliate the expansion process. 

The seals 3570 are coupled to and supported by the end portion 3580 of 
15 the tubular member 3525. The seals 3570 are further positioned on an outer 
surface of the end portion 3580 of the tubular member 3525. The seals 3570 
permit the overlapping joint between the lower end portion 3585 of a 
preexisting section of casing 3590 and the end portion 3580 of the tubular 
member 3525 to be fluididy sealed. The seals 3670 may comprise any number 
20 of conventional commerdaUy available seals such as, for example, lead, rubber. 
Teflon, or epoxy seals modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the seals 3570 are molded from 
Stratalock epoxy available ttom Halliburton Energy Services in Dallas, TX in 
order to optimal^ provide a load bearing interference fit betweoi the end 3580 
25 of the tubular member 3525 and the end 3585 of the pr»-existing casing 3590. 
In a prepared embodiment, the seals 3570 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 
3525 from the pre-existing casing 3590. In a preferred embodiment, the 
frictional force optimal^ provided by the seals 35 70 ranges from about 1 ,000 to 
30 1,000,000 Ibf in order to optimally support the expanded tubular member 3525. 
The reieasable teupUng 3600 is preferably releasably coupled to the 
bottom of the shoe 3520. In a preferred embodiment, the reieasable coupling 
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3600 includes fluidic seals for sealing the interface between the releasable 
coupling 3600 and the shoe 3520. In this manner, the pressure chamber 3550 
may be pressurized. The releasable coupling 3600 may comprise any number of 
conventional commercially available releasable couplings suitable for drilling 
5 operations modified in accordance with the teachings of the present disclosure. 

As illustrated in Figure 22A, during opmition of the apparatus 3500, the 
apparatus 3500 is preferably initially positioned within a preexisting section of 
a wellbore 3575 including a preexisting section of wellbore casing 3590. In a 
preferred embodiment, the upper end portion 3580 of the tubular member 3525 
10 is positioned in an overiapping relationship with the lower end 3585 of the 
preexisting section of casing 3590. In a preferred embodiment, the apparatus 
3500 is initially positioned in the wellbore 3575 with the drill bit 353 in contact 
with the bottom of the wellbore 3575. During the initial placement of the 
apparatus 3500 in the wellbore 3575, the tubular member 3525 is prefmbly 
15 supported by the mandrel 3510. 

As illustrated in Figure 22B, a fluidic material 3595 ia then pumped into 
the first fluid passage 3540. The fluidic material 3595 is preferably conveyed 
irom the first fluid passage 3540 to the second fluid passage 3545, the pressure 
chamber 3550, the third fluid passage 3555 and the inlet to the mud motor 
20 3530. The fluidic material 3595 may comprise any number of conventional 
commercially available fluidic materials sudi as, for ezample, drilling mud, 
watCT, cement, epc^y or slag mix. The fluidic material 3595 m^y be pumped 
into the first fluid passage 3540 at opmiting pressures and flow rates ranging, 
for example, from about 0 to 9,000 psi and 0 to 3,000 gaUona/minute. 
25 The fluidic material 3595 will enter the inlet for the mud motor 3530 and 

drive the mud motor 3530. The fluidic material 3595 will then exit the mud 
motor 3530 and eater the <>**f^"lflr region surrounding the apparatus 3500 
within the wellbore 3575. The mud motor 3530 will in turn drive the drill bit 
3535. Theoperationof the drill bit 3535 will driU out a new section of the 
30 weUbore3575. 

In the case where the fluidic material 3595 comprises a hardenable 
fluidic material, the fluidic material 3595 preferably is permitted to cure and 
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form an outer ann\iiar body surrounding the periphery of the expanded tubular 
member 3525. Alternatively, in the case where the fluidic material 3595 is a 
non-hardenabie fluidic material, the tubular member 3595 preferably ia 
expanded into intimate contact with the interior walls of the wellbore 3575. In 
5 this manner, an outer annular body is not provided in all applications. 

As illustrated in Figure 22C, at some point during operation of the mud 
motor 3530 and drill bit 3535, the pressure drop across the mud motor 3530 
will create sufficient back pressure to cause the operating pressure within the 
pressure chamber 3550 to elevate to the pressure necessaiy to extrude the 
10 tubular member 3525 off of tiie mandrel 3510. The elevation of the operating 
pressure within the pressure chamber 3550 will then cause the tubular member 
3525 to extrude o£r of the mandrel 3510 as illustrated in Figure 22D. For 
t^ical tubular members 3525, the necessary operating pressure may range, for 
example, from about 1,000 to 9,000 psi. In this mannor, a wellbore casing is 
15 formed simultaneoua with the drilling out of a new section of wellbore. 

In a particularly preferred embodiment, during the operation of the 
apparatus 3500, the apparatus 3500 is lowered into the wellbore 3575 imtil the 
drill bit 3535 is proximate the bottom of the wellbore 3575. Tliroughout this 
process, the tubular member 3525 is preferably supported by the mandrel 3510. 
20 The I4>paratus 3500 is then lowwed until the drill bit 3535 is placed m contact 
with the bottom of the wellbore 3575. At this point, at least a portion of the 
weight of the tubular member 3525 is supported by the drill bit 3535. 

The fluidic material 3595 is then pumped into the first fluid passage 
3540, second fluid passage 3545, pressure chamber 3550, third fluid passage 
25 3555, and the inlet of the mud motor 3530. The mud motor 3530 thm drives 
the drill bit 3535 to drill out a new section of the wellbore 3575. Once the 
differential pressture across the mud motor 3530 exceeds the tninimiifn 
extrusion pressure for the tubular member 3525, the tubular member 3525 
begins to extrude off of the mandrel 3510. As the tubular member 3525 is 
30 extruded off of the mandrel 3510, the weight of the extruded portion of the 
tubular member 3525 is transferred to and supported by the drill bit 3535. In a 
preferred embodiment^ the pumping pressure of the fluidic material 3595 is 
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maintained substantially constant throughout this process. At some point 
during the process of estruding the tubular member 3525 off of the mandrel 
35 10, a sufiBdent portion of the wei|^t of the tubular member 3525 is 
transferred to the drill bit 3535 to stop the extrusion process due to the 
5 opposing force. Continued drilling by the drill bit 3535 eventually transfers a 
sufficient portion of the weight of the extruded portion of the tubular member 
3525 back to the mandrel 3510. At this point, the extrusion of the tubular 
member 3525 off of the mandrel 3510 continues. In this manner, the support 
member 3505 never has to be moved and no driUpipe connections have to be 
10 made at the surfiace since the new section of the wellbore casing within the 
newly drilled section of wellbore is created by the constant downward feeding of 
the expanded tubular member 3525 off of the mandrel 3510. 

Once the new section of wellbore that is lined with the fully expanded 
tubular member 3525 is completed, the support member 3505 and mandrel 
15 3510 are removed from the wdlbore 3575. The drilling assembly including the 
mud motor 3530 and drill bit 3535 are then preferably r«noved by lowmng a 
drillstring into the new section of wellbore casing and retrieving the drilling 
assembly by using the latch 3600. The expanded tubular member 3525 is then 
cemented using conventional squeeze cementing methods to provide a solid 
20 annular sealing member around the periphezy of the expanded tubular member 
3525. 

Alternative^, the apparatus 3500 may be used to rqudr or form an 
undergroundpipefineor form a support member for a structure. Inseveral 
preferred attemathre embodiments, the teachings of the apparatus 3500 are 

25 combined with the tmchingH of the embodiments illustrated in Figures 1-21. 
For exan^de, by opeanhfy coufding the mud motor 3530 and drill bit 3535 to the 
pressure chambers used to cause the radial expansion of the tubular m^nbers 
of the embodimoits illustrated and described with referaice to Figures 1-21, 
the use of i^uga may be eliminated and radial expansion of tubular members 

30 can be combined with the drilling out of new sections of wellbore. 

Referring now to FIGS. 23A, 23B and 23C, an apparatus 3700 for 
expanding a tubular member wiU be described. In a preferred embodiment, the 
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apparatus 3700 includes a support inembv 3705, a packer 3710, a first fluid 
conduit 3715, an annular fluid j^aasage 3720, fluid inlels 3*^, an annular seal 
3730, a second fluid conduit 3735, a fluid passage 3740; a mandrel 3745, a 
mandrel launcher 3750, a tubular member 3755, slips 3760, and seals 3765. In 
5 a preferred embodiment^ the apparatus 3700 is used to radially expand ^e 
tubular member 3755. In this manner, the apparatus 3700 mi^ be used to form 
a weUbore casing, line a wellbore casing, form a pipeline, line a pipeline, form a 
structural support mmber, or repair a wellbore casing, pipeline or structural 
support member. In a preferred embodiment^ the ^paratus 3700 is used to 
10 dad at least a portion of the tubular membor 3755 onto a preexisting tubular 
member. 

The support member 3705 is preferably coupled to the packer 3710 and 
the mandrel launcher 3750. The support member 3705 prefoably comprises a 
tubular member fabricated from any niunber of conventional commercially 
15 wailable materials such as, for example, oilfidd country tubular goods, low 
alloy steel, carbon sted, or stainless steel. The support member 3705 is 
preferably selected to fit through a preexisting section of wellbore casing 3770. 
In this manner, the apparatus 3700 may be positioned within the wellbore 
casing 3770. In a preferred embodiment, the support member 3705 is 
20 releasably coupled to the mandrel launcher 3750. In this manner, the support 
member 3705 may be decoupled from the mandrel launcher 3750 upon the 
completion of an extrusion operation. 

The packer 3710 is coupled to the support member 3705 and the first 
fluid conduit 3715. The packer 3710 preferably provides a fluid seal between 
25 the outside surface of the first fluid conduit 3715 and the inside surface of the 
support member 3705. In this manner, the pad^or 3710 prrferaUy seals off 
and, in combination with the support member 3705, first fluid conduit 3715, 
second fluid conduit 3735» and mandrd 3745, defines an annular chamber 3775. 
The packer 3710 may comprise any number of convCTtionai oonunerdally 
30 available packers modified in accordance with the teaching of the present 
disdosure. 
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The first fluid conduit 3715 is coupled to the packer 3710 and the 
annular seal 3730. The first fluid conduit 3715 preferably comprises an annular 
member fabricated fit>m any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
5 carbon steel, or stainless steeL In a preferred embodiment, the first fluid 
conduit 3715 includes one or more fluid inlets 3725 for conveying fluidic 
materials from the annular fluid passage 3720 into the chamber 3775. 

The annular fluid passage 3720 is defined by and positioned between the 
interior surface of the first fluid conduit 3715 and the interior surface of the 
10 second fluid conduit 3735. The annular fluid passage 3720 is preferablty 
ad^ted to convey fluidic materials such as cemmt» water, epoi^, lubricants, 
and slag mix at operating inressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in ordo- to optimally provide 
operational efiidency. 
15 The fluid inlets 3725 are positioned in an end portion of the first fluid 

conduit 3715. The fluid inlets 3725 preferab^ are adapted to convey fluidic 
materials such as cement, water, epoiy, lubricants, and slag mix at operating 
pressures and flow rates ranging from about 0 to 9,000 psi and 0 to 3,000 
gallons/minute in order to optimally provide operational efficiency. 
20 The annular seal 3730 is coupled to the first fluid conduit 3715 and the 

second fluid conduit 3735. The annular seal 3730 jveferably provides a fluid 
seal between the interior surface of the first fluid conduit 3715 and the exterior 
surface of the second fluid conduit 3735. The annular seal 3730 preferably 
provides a fluid seal between the intmor surface of the first fluid conduit 3715 
25 and the exterior surfrice of the second fluid conduit 3735 during relative axial 
motion of the first flxiid conduit 3715 and the second fluid conduit 3735. The 
annular seal 3730 may comprise any number of conventional commercially 
available seals sudi as, for example, o-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the <i«tiiilflr seal 3730 comprises a 
SO polypak seal available from Parker Seals in order to optimally provide sealing 
for axial motion. 
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The second fluid conduit 3735 is coupled to the annular seal 3730 and the 
mandrel 3745. The seoondiluid conduit preferably conqiriBes a tubular 
member fabricated firom any number of conventional commercially available 
materials such as, for example, coiled tubing, oilfield country tubular goods, low 
5 alloy sted, stainless steel, or low carbon steel In a preferred embodiment, the 
second fluid conduit 3735 is adapted to convey fluidic materials such as cement, 
water, epoo^, lubricants, and slag mix at operating presbures and flow rates 
ranging firom about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order to 
optimally provide operational efficiency. 
10 The fluid passage 3740 is coupled to the second fluid conduit 3735 and 

the mandrel 3745. In a preferred embodiment, the fluid passage 3740 is 
adapted to convey fluidic materials such as cemrat, water, epozy, lubricants, 
and slag mix at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/minute in order to optimally provide 
15 operational efficiency. 

The mandrel 3745 is coupled to the second fluid conduit 3735 and the 
mandrel launcher 3750. The mandrel 3745 preferably comprise an annular 
meniber having a conic section fabricated from any number of conventional 
commercial]^ available materials such as, for example, carbon steel, tool steel, 
20 ceramics, or composite materials. In a preferred embodiment, the an^e of 
attack the conic section of the mandrel 3745 ranges from about 10 to 30 degrees 
in order to optimally expand the mandrel launcher 3750 and tubular member 
3755 in the radial direction. In a preferred embodiment, the surface hardness 
of the conic section of the mandrel 3745 ranges from about 50 Rockwell C to 70 
25 Rockwell C. In a particularly preferred eoibodiment^ the surface hardness of 
the outer surface of the conic section of the mandrel 3745 ranges from about 58 
Rockwell C to 62 Rockwell C in order to optimally provide high yield strength. 
In an alternative embodiment, the mandrel 3745 is expandable in order to 
furtha optimaUy augment the radial expansion process. 
30 The mandrel launcher 3750 is coupled to the support member 3705, the 

mandrel 3745, and the tubular member 3755. The mandrel launcher 3750 
preferably comprise a tubular member having a variable cross-sectiob and a 
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reduced wall thickness in order to facilitate the radial expansion process. In a 
preferred embodixnent, the crQss-seqtional area of the mandrel launcher 3750 at 
one end is adapted to mate with the mandrel 3745» and at the other end, the 
cross-Bectional area of the mandrel launcher 3750 is adapted to match the cross- 
5 sectional area of the tubular member 3755. In a preferred embodiment^ the 
wall thickness of the mandrel launcher 3750 ranges from about 50 to 100 % of 
the wall thicknesa of the tubular member 3755 in order to facilitate the 
initiation of the radial expansion process. 

The mandrel launch^ 3750 may be fabricated fit>m any number of 
10 conventional oommerdaUy available materials such as, for eiample, oilfidd 
country tubular goods, low allow steel, stainless steel, or carbon steel. In a 
preferred mbodiment, the mandrel launcher 3750 is fabricated from oilfield 
country tubular goods having higfaer strength but lower wall thickness than the 
tubular member 3755 in order to optimally match the burst strength of the 
15 tubular member 3755. In a preferred raibodiment, the mandrel launcher 3750 
is removabfy coupled to the tubular member 3755. In this manner, the mandrel 
launcher 3750 may be removed from the wellbore 3780 upon the completion of 
an extrusion operation. 

The tubular mraaber 3755 is coupled to the mandrel launcher, the slips 
20 3760 and the seals 3765. The tubular member 3755 preferably comprises a 
tubular monber fiabricated from any number of conventional commprdally 
avaflable materiabaudi as, for exam|de, low alloy steel, carbon steel, stainless 
sted, or oilfidd country tubular goods. In a preferred embodimenti the tubular 
member 3755 ia fiabricated from oilfield oountzy tubular goods. 
25 The slips 3760 are coupled to the outside surface of the tubular member 

3755. The sl^is 3760 preferably are adapted to couple to the interior walls of a 
casing, pipeline or other structure upon the radial expansion of the tubular 
member 3755. In this manna, the slips 3760 provide structural support for the 
expanded tubular nranber 3755. The slips 3760 may conqirise any number of 
30 conventional oonunerdally available slips, modified in accordance with the 
teadiings of the ptesdnt disdosure. 
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The seals 3765 are coupled to the outside surface of the tubular member 
3755. The seals 3765. preferably provide a fluidic seal between the outside 
surface of the eacpanded tubular member 3755 and the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 
5 3755. In Uiia manner, the seals 3765 provide a fluidic seal for the expanded 
tubular member 3755. The seals 3765 may oonqirise any number of 
conventional oommerdallly available seals such as, for example, lead, rubber, 
Teflon or epoxy seals modified in accordance with the tiAarhm g^ of the present 
disclosure. In a pref«red embodiment, the seals 3765 comprise seals molded 
10 from Stratalock epoxy available from Halliburton Energy Services in Dallas, TX 
in order to optamally provide a hydraulic seal in the overlapping joint and 
optimally provide load carrying capacity to withstand the range of typical 
tensile and comin«sive loads. 

During operation of the apparatus 3700, the apparatus 3700 is preferably 
15 lowered into a wellbore 3780 having a preexisting section of weUbore casing 
3770. In a preferred embodiment, the apparatus 3700 is positioned with at 
least a portion of the tubular member 3755 overlapping with a portion of the 
wellbore casing 3770. In this manner, the radial expansion of the tubular 
member 3755 will preferably cause the outside surface of the expanded tubular 
20 member 3755 to couple with the inside surface of the wellbore casing 3770. In a 
preferred embodiment, the radial expansion of the tubular member 3755 will 
also cause the slips 3760 and seals 3765 to engage with the interior surface of 
the wellbore casing 3770. In this manner, the expanded tubular member 3755 
is provided with enhanced structural support by the slips 3760 and an enhanced 
25 fluid seal by the seals 3765. 

As illustrated in FIG. 23B, after placement of the apparatus 3700 in an 
overlapping relationahip with the wellbore casing 3770, a fluidic material 3785 
is preferably punq)ed into the chamber 3775 using the fluid passage 3720 and 
the inlet passages 3725. In a preferred embodiment, the fluidic niaterial is 
30 pumped into the chamber 3775 at operating pressures and flow rates ranging 
from about 0 to 9,000 pai and 0 to 3,000 gallons/minute in order to optimally 
provide operational efficiency. The pumped fluidic material 3785 increase the 
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operating pressure within the chamber 3775. The increased operating pressure 
in the chamber 3775 then canses the mandrd 3745 to extrude the mandrel 
launcher 3750 and tubular member 3755 o£F of the face of the mandrel 3745. 
The extrusion of the mandrd launcher 3750 snd tubular member 3755 off of 
5 Uie face of the mandrel 3745 causes the mandrel launcher 3750 and tubular 
member 3755 to expand in the radial direction. Continued pumping of the 
fluidic material 3785 preferably causes the entire loigtb of the tubular member 
3755 to expand in the radial direction. 

In a preferred embodimenti the pumping rate and pressure of the fluidic 

10 material 3785 ia reduced during the latter stages of the extrusion process in 
order to minimize shock to the apparatus 3700. In a preferred embodiment, the 
apparatus 3700 includes shock absorbers for absorbing the shock caused by the 
completion of the extrusion process. 

In a preferred embodiment, the extrusion process causes the mandrel 

15 3745 to move in an axial direction 3785. During the axial movement of the 
mandrel, in a preferred embodiment» the fluid passage 3740 conveys fluidic 
material 3790 displaced by the moving mandrel 3745 out of the weUbore 3780. 
In this manner, the operational efiScienqy and speed of the extrusion process is 
enhanced. 

20 In a preferred embodimenti the extrusion process includes the injection 

of a hardenable fluidic material into the annular region between the tubular 
member 3755 and the bore hole 3780. In this manner, a hardened sealing layer 
ia provided between the expanded tubular member 3755 and the interior walls 
ofthewellbare3780. 

25 Aa illuatrated in FIG. 23C, in a preferred embodiment^ upon the 

completion of the extrusion process, the support member 3705, packer 3710, 
first fluid conduit 3715, annular seal 3730, second fluid conduit 3735, mandrd 
3745, and mandrel launcher 3750 are moved from the weUbore 3780. 

In an alternative embodiment, the apparatus 3700 ia used to repair a 

30 preexisting weUbore casing, pipeline, or structural support. In this alternative 
embodiment, both ends of the tubular member 3755 preferably include slips 
3760 and seals 3765. 
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In an alternative embodiment, the apparatus 3700 is used to form a 
tubular structural support for a building or oflahore structure. 

Referring now to FIGS. 24A, 24B, 24C. 24D, and 24E, an apparatus 3900 
for expanding a tubular member will be described. In a prefOTed-embodiment, 
5 the apparatus 3900 includes a support member 3905, a mandrel laundier 3910, 
a mandrel 3915, a first fluid passage 3920, a tubular member 3925, slips 3930, 
seals 3935, a shoe 3940, and a second fluid passage 3945. In a preferred 
embodimen t, the apparatus 3900 is used to radially expand the mandrd 
launcher 3910 and tubular member 3925. In this manner, the qiparatus 3900 
10 may be used to form a weUbore casing, line a wellbore casing, form a 

line a pipeline, form a structural support member, or rqiair a wellbore casing, 
pipeline or structural support membCT. In a preferred embodiment, the 
Vparatus 3900 is used to clad at least a portion of the tubular member 3925 
onto a preexisting structural member. 
15 The support member 3905 is preferably coupled to the mandrel launcher 

3910. The support member 3905 preferably comprises a tubular member 
fabricated from any number of conventional commerciaUy available m«iten>|ff 
such as, for example, oilfield country tubular goods, low alloy steel, carbon steel, 
or stainless steel. The support member 3905, the mandrel launcher 3910, the 
20 tubular member 3925, and the shoe 3940 are preferably selected to fit through a 
preexisting section of wellbore casing 3950. In this manner, the apparatus. 3900 
may be positioned within the wellbore casing 3970. In a prefored embodiment, 
the support member 3905 is releasably coupled to the mandrel launcher 3910. 
In this manner, the support memb^ 3905 may be decoupled from the mandrel 
25 launcher 3910 upon the completion of an extrusion operation. 

The mandrel launcher 3910 is coupled to the support manba 3905 and 
the tubular member 3925. The mandrel launcher 3910 preferably comprise a 
tubular member having a variable crosa-eection and a reduced wall thickness in 
order to facilitate the radial expansion process. In a preferred embodiment, the 
30 cross^ectional area of the mandrd laundier 3910 at one end is adapted to mate 
with the mandrel 3915, and at the other end, the cross^ectional area of the 
mandrel launcher 3910 is adapted to match the cross-sectional area of the 
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tubular member 3925. In a preferred embodiment^ the wall thirirn^Mm of the 
mandrel launcher 3910 ranges from about 50 to 100 % of the wall thickness of 
the tubular member 3925 in order to facilitate the initiatioD of the radial 
expansion process. 

5 The mandrel launcher 3910 may be fabricated from any number of 

conventional commercially available materials such as, for example, oilfield 
country tubular goods, low allow steel, stainless ste^ of carbon steel. In a 
preferred embodiment* the mandrel launcher 3910 is fabricated from oilfield 
country tubular goods having higher strength but lower waU thickness than the 
10 tubular member 3925 in order to optimally match the burst strength of the 
tubular member 3925. In a preferred embodiment, the mandrel launcher 3910 
is removably coupled to the tubular member 3925. In this manner, the mandrel 
launcher 3910 may be removed from the wellbore 3960 upon the completion of 
an extrusion operation. 

15 The mandrel 3915 is coupled to the mandrel launcher 3910. The 

mandrel 3915 preferably comprise an annular member having a conic section 
fabricated from any number of oonventional oommerdaUy available materials 
such as, for example, tool steel, carbon steel, coamics, or composite materials. 
In a prefored embodiment, the angle of attack of the conic section of the 

20 mandrel 3915 ranges fr^m about 10 to 30 degrees in order to optimally expand 
the mandrel launcher 3910 and the tubular member 3925 in the radial 
direction. In a preferred embodimoit^ the surfoce hardness of the conic section 
of the mandrel 3915 ranges from about 58 to 62 Rockwell C in ord^ to 
optimally provide high strength and resist wear and galling. In an alternative 

25 embodiment, the mandrel 3915 is expandable in order to further optimally 
augment the radial expansion process. 

The fluid passage 3920 is positioned within the mandrel 3915. The fluid 
passage 3920 is preferably adapted to convey fluidic materials such as cement, 
water, epoxy, lubricants, and slag mix ait operating pressures and flow rates 

30 ranging from about 0 to 9,000 psi and 0 to 3,000 gallonsMiinute in order to 
optimally provide operational eCRdency. The fluid passage 3920 preferab^ 
includes an inlet 3965 adapted to receive a plug, or other similar device. In this 
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maxuier. the interior chamber 3970 above the mandrel 3915 may be flm'didy 
isolated from the interior chamber 3975 below the mandrel 3915. 

The tubxilar member 3925 is coupled to the mandrel launcher 3910, the 
slips 3930 and the seals 3935. The tubular m^nber 3925 preferably comprises a 
5 tubular member fabricated from any number of conventional commerciaily 
available materials such as, for exan^>Ie, low alloy steel, carbon steel, stainless 
steel, or oilfield country tubular goods. In a preferred embodiment, the tubular 
member 3925 is fabricated from oilfield oountzy tubular goods. 

The slips 3930 are coupled to the outside surface of the tubular membo^ 
10 3925. The sUp6S9S0 preferably are adapted to couple to the interior walls of a 
casing, pipeline or other structure upon the radial expansion of the tubular 
member 3925. In this manner, the slips 3930 provide structural support for the 
expanded tubular member 3925. The slips 39S0 may comprise any number of 
conventional commerdaUy available slips, modified in accordance with the 
15 teachings of the present disclosure. 

The seals 3935 are coufded to the outside surface of the tubular member 
3925. The seals 3935 preferably provide a fluidic seal between the outside 
surface of the expanded tubular member 3925 and the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 
20 3925. In this manner, the seals 3935 provide a fluidic seal for the expanded 
tubular member 3925. The seals 3935 may comprise any nimiber of 
conventional commercial^ available seals such as, for example, lead, rubber or 
epoxy. In a preferred embodiment, the seals 3935 comprise Stratalok epoxy 
materia] available from Halliburton Energy Services in order to optimally 
25 provide structural support for the typical tensile and compressive loads. 

The shoe 3940 is coupled to the tubular member 3925. The shoe 3940 
preferably comprises a substantiaUy tubular member having a fluid passage 
3945 for conveying fluidic materials bom the chambw 3975 to the annular 
region 3970 outside of the apparatus 3900. The shoe 3940 may comprise any 
30 niunber of conventional commercially available shoes modified in accordance 
with the teachings of the present disclosure. 
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During operatioii of the ^)paratU3 3900, the apparatus 3900 is preferably 
lowered into a weUbore.3960. haying a preexisting section of wellbore casing 
3975. In a preferred embodiment* the apparatus 3900 is positioned with at 
least a portion of the tubular member 3925 overlapping with a portion of the 
5 wellbore casing 3975. In this manner, the radial expansion of the tubular 
member 3925 will preferably cause the outside surface of the expanded tubular 
member 3925 to couple vnth the inside surface of the wdlbore casing 3975. In a 
preferred rasbodiment^ the radial expansion of the tubular member 3925 will 
also cause the slips 3930 and seals 3935 to engage with the interior surface of 

10 the wellbore casiiig 3975* In this manner, the expanded tubular member 3925 
is provided with enhanced structural support by the slips 3930 and an enhanced 
fluid seal by the seals 3935. 

As illustrated in FIG. 24B, after placement of the apparatus 3900 in an 
overlapping relationship with the wellbore casing 3975, a fluidic material 3980 

15 is preferably pumped into the diamber 3970. The fluidic material 3980 thra 
passes throu^ the fluid passage 3920 into the chamber 3975. The fluidic 
material 3980 then passes out of the chamber 3975, through the fluid passage 
3945, and into the annular region 3970. In a preferred embodiment, the fluidic 
material 3980 is pumped into the chamber 3970 at operating pressures and flow 

20 rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallona/minute in order 
to optimally provide operational efiBdency. In a preferred embodiment, the 
fluidic material 3980 comprises a hardenable fluidic sealing material in order to 
form a hardened outer annular member around the expanded tubular member 
3925. 

25 As illustrated in FIG. 24C, at some later point in the process, a ball 3985, 

plug or other similar device, is introduced into the pumped fluidic material 
3980. In a preferred embodimrat, the ball 3986 mates with and seals off the 
inlet 3965 of the fluid passage 3920. In this manner, the chamber 3970 is 
fluididly isolated from the chamber 3975. 

30 As illustrated in FIG. 24D, after placement of the ball 3985 in the inlet 

3965 of the fluid passsge 3920, a fluidic material 3990 is pumped into the 
chamber 3970. The fluidic material is preferably pumped into the chamber 
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3970 at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gaUonQ/ininute in order to provide optimal operating efficiency. 
The fluidic material 3990 may comprise any number of conventional 
commercially available materials such as, for example, water, drilling mud, 
5 cement, epozy, or slag mix. In a preferred CTibodiment, the fluidic material 
3990 comprises a non-hardenable fluidic material in order to maximize 
operational e£5cien<7. 

Continued pumping of the fluidic material 3990 increases fluidic material 
3980 increases the operating pressure within the chamber 3970. The increased 
10 operating pressure in the chamber 3970 then causes the mandrel 3915 to 

extrude the mandrel launcher 3910 and tubular member 3925 off of the conical 
face of the mandrel 3915. The extrusion of the mandrel laund&er 3910 and 
tubular member 3925 off of the conical face of the mandrel 3915 causes the 
mandrel laupcher 3910 and tubular member 3925 to expand in the radial 
15 direction. Continuedpun4)ingof the fluidic material 3990 preferably causes the 
entire length of the tubular member 3925 to expand in the radial direction. 

In a preferred embodiment, the punqiing rate and preasure of the fluidic 
material 3990 is reduced during the latter stages of the extrusion process in 
order to minimise shock to the apparatus 3900. In a preferred embodiment, the 
20 ^paratus 3900 indudes shock absorbers for absorbinj^ the shock caused by the 
completion of the extrusion process. In a preferred embodim«it, the extrusion 
process causes the mandrel 3915 to move in an axial direction 3995. 

Ab illustrated in FIG. 24E, in a prrferred embodiment, upon the 
completion of the extrusion process, the support member 3905, packer 3910, 
25 first fluid conduit 3915, annular seal 3930, second fluid conduit 3935, mandrel 
3945, and mandrel launcho* 3950 are ronoved from the wellbore 3980. In a 
preferred embodiment, the resulting new section of wellbore casing includes the 
preexisting wellbore casing 3975, the expanded tubular member 3925, the slips 
3930, the seals 3935, the shoe 3940, and an ontet annular layer 4000 of 
30 hardened fluidic materiaL 
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Ib an alternative embodiment, the apparatus 3900 is used to repair a 
preexisting wellbore casing or pipeline. In tins alternative embodiment, both 
ends of the tubular member 3955 preferably include slips 3960 and seals 3965. 

In an alternative embodiment, the apparatus 3900 is used to form a 
5 tubular structural support for a building or ofiahore structure. 

Referring to PIGS. 25 and 26» the optimal relationship between the angle 
of attack of an expansion mandrel and the minimally required propagation 
pressure during the expansion of a tubular member will now be described. As 
illustrated in FIG. 25, during the radial expansion of a tubular member 4100 by 
10 an expansion mandrel 4105, the expansion mandrel 4105 is displaced in the 
axial direction. The angle of attack a of the conical surface 4110 of the 
expansion mandrel 4105 directiy affects the required propagation pressure PpH 
necessary to radially expand the tubular member 4100. Referring to FIG. 26, 
for typical grades of materials and typical geometries, the propagation pressure 
15 Ppn is minimized for an angle of attack of approiximately 25 degrees. 

Furthermore, the optimal range of the angle of attack a ranges firom about 10 to 
30 degrees in order to minimize the range of required miTiimiim propagation 
pressure PpR. 

Referring to FIG. 27, an embodiment of an expandable threaded 
20 connection 4300 will now be described. The expandable threaded connection 
4300 preferab^ includes a first tubular member 4305, a second tubular member 
4310, a threaded connection 4315, an O-ring groove 4320, and an 0-ring 4325. 

The first tubular member 4305 includes an inside wall 4330 and an 
outside wall 4335. The first tubular member 4305 preferably comprises an 
25 annular member having a substantially constant wall thidmess. The second 
tubular memb^ 4310 includes an inside wall 4340 and an outside wall 4345. 
The second tubular memb^ 4310 preferab^ comprises an annuiny memb^ 
having a substantially constant wall thinness. 

The first and second tubular menbers, 4305 and 4310, may comprise any 
30 numberof conventional commercially available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4305 and 4310, are substantially equal. In this manner, the burst 
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Strength of the tubular members, 4305 and 4310, are substantially equal This 
minimizes the possibility o£ a catastrophic failure during the radial eq»nsion 
process. 

The threaded connection 4315 may comprise any number of 
5 conventional threaded connections suitable for use with tubular members. In a 
preferred embodiment^ the threaded connection 4315 comprises a pin-and-boz 
threaded connection. In this manner, the assembly of the first tubular member 
4305 to the second tubular member 4310 is optimized 

The Oring groove 4320 is preferably provided in the threaded portion of 
10 the interior wall 4340 of the second tubular member 4310. The O-ring groove 
4320 is preferably adapted to receive and support one or more O^ringB. The 
volumetric size of the 0-ring groove 4320 is preferabfy selected to pennit the O- 
ring 4325 to expand at least aiqprozimately 20% in the axial diredion during the 
radial expansion process. In this manner, deformation of the outer surface 
15 4345 of the second tubular member 4310 during and upon the completion of the 
radial e^Muision process is minimized. 

The O-ring 4325 is supported by the O-ring groove 4320. The O-ring 
4325 optimaUy ensures that a fluid«tie^t seal is maintained between the first 
tubular member 4305 and the second tubular member 4310 throuf^out and 
20 upon the completion of the radial expansion prcKess. 

Referring to FIG. 28, an alternative embodiment of an expandable 
threaded connectioa 4500 win now be described. The expandable threaded 
connection 4500 includes a first tubular member 4505, a second tubidar 
member 4510, a threaded connection 4515, an O-ring groove 4520, and an O- 
25 ring 4525. 

The first tubular mCTober 4505 includes an inside wall 4630 and an 
outside wall 4535. The first tubular member 4305 prefoably comprises an 
annular member having a substantially constant wall thidmesa. The second 
tubular member 4510 includes an inside wall 4540 and an outside wall 4545. 
30 The second tubular member 4510 preferably comprises an » nn")«r member 
having a substantially constant wall thicknesa. 
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The Grst and second tubular members, 4505 and 4510, may comprise any 
number of conventionfd commercially available memb^. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4505 and 4510, are substantially equal. In this manner, the burst 
5 strength of the tubular members, 4505 and 4510, are substantiaUy equal. This 
minimizes the poaaibility of a cataatro|^c failure during the radial expansion 
process. 

The threaded connection 4515 may comprise any number of 
conventional threaded oonnectiona suitable for use with tubular meznbers. In a 
10 preferred embodiment^ the threaded connection 4515 comprises a pin-and-boz 
threaded connection. In this manner, the assembly of the first tubular member 
4505 to the second tubular member 4510 is optimized. 

The 0»ring groove 4520 is preferably i^vided in the threaded portion of 
the interior wall 4540 of the second tubular member 4510 immediatelty ac^jaoent 
15 to an end portion of the threaded connection 4515. In this manner, the sealing 
effect provided by the O-ring 4525 is optimized. The O-ring groove 4520 is 
preferably adapted to receive and support one or more O-rings. The volumetric 
size of the 0*ring groove 4520 is preferably selected to permit the O-ring 4525 
to expand at least approximately 20% in the axial direction during the radial 
20 expansion process. In this manner, deformation of the outer surface 4545 of the 
second tubular member 4510 during and upon the completion of the radial 
expansion process is minimized 

The 0*ring 4625 is supported by the 0*ring groove 4520. The O-ring 
4525 optimally oisures that a fluid-ti^t seal is maintained between the first 
25 tubular member 4505 and the second tubular member 4510 throughout and 
upon the completion of the radial expansion process. 

Referring to FIG. 29, an alternative embodiment of an expandable 
threaded connection 4700 will now be described The expandable threaded 
connection 4700 includes a first tubular member 4705, a second tubular 
30 member 4710, a threaded connection 4715, an O-ring groove 4720, a first O- 
ring 4725, and a second O-ring 4730. 
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The first tubular member 4705 includes an inside wall 4735 and an 
outside wall 4740. The first tubjidat member 4705 preferably comprises an 
annular member having a substantially constant wall thkknpsg The second 
tubular member 4710 includes an inside wall 4745 and an outside-wall 4750. 
5 The second tubular member 4710 preferably comprises an annular member 
having a substantially constant waU thicimess. 

The first and second tubidar members, 4705 and 4710, may comprise any 
number of conventional commercially available members. In a prafored 
embodiment^ the inside and outside diameters of the first and second tubular 
10 members* 4705 and 4710, are substantiaQyequaL In this manner, the burst 
strength of the tubular members, 4705 and 4710, are substantially equal. This 
minimizes the possibility of a catastrophic failure during the radial expansion 
process* 

The threaded connection 4715 may conqirise any number of 
15 conventional threaded connections suitable for use with tubular membm. In a 
preferred embodiment, the threaded connection 4715 comprises a pin-and-box 
threaded connection. In this manner, the aasemb^ of the first tubular member 
4705 to the second tubular member 4710 is optimized 

The O-ring groove 4720 is preferab^ provided in the threaded portion of 
20 the interior waU 4745 of the second tubular member 4710 immediately adjacent 
to an end portion ofthe threaded coxmection 4715. In this manner, the sealing 
efiiBct provided hy the 0*ring8, 4725 and 4730, is optimized. The O-ring groove 
4720 is preferah^ adapted to receive and support a plurality of O-rings. The 
volumetric size of the O-ring groove 4720 is preferably selected to permit the O* 
25 rings, 4725 and 4730, to eaqmnd at least approximately 20% in the axial 

direction during the radial expansion process. In this manner, deformation of 
the outer surface 4750 of the second tubxilar member 4710 during and upon the 
completion of the radial expansion process is minimized. 

The O-rings, 4725 and 4730, are supported by the O-ring groove 4720. 
30 The pair of 0-rings, 4725 and 4730, optimally «uiure that a fluid-tight seal is . 
maintained between the first tubular member 4705 and the second tubular 
member 4710 throu^out and upon the completion ofthe radial expansion 
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process. In particular, the use of a pair of adjacent O-rings provides redundancy 
in the seal between the. Grst tubular .member 4705 and the second tubular 
member 4710. 

Referring to FIG. 30, an alternative embodiment of an expandable 
5 threaded connection 4900 will now be described. The expandable threaded 
connection 4900 includes a first tubular member 4906, a second tubiilar 
member 4910, a threaded connection 4915, a first 0*ring groove 4920, a second 
0*ring grove 4925, a first Oring 4930, and a second 0-ring 4935. 

The first tubular member 4905 includes an inside wall 4940 and an 

10 outside wall 4945. The first tubular member 4905 preferably comprises an 
annular member having a substantially constant wall thickness. The second 
tubular member 4910 includes an inside wall 4950 and an outside wall 4955. 
The second tubular member 4910 preferably oomprisea an «tiTnil«r member 
having a substantially constant waU thidmess. 

15 The first and second tubular members, 4905 and 4910, may comprise any 

number of conventional conmierdal^ available tubular members. In a 
preferred embodiment, the inaide and outside diameters of the first and second 
tubular members, 4905 and 4910, are substantially equal. In this manner, the 
burst strength of the tubular members, 4905 and 4910, are substantially equal. 

20 This minimizes the possibility of a catastrophic failure during the radial 
expansion process. 

The threaded connection 4915 may comprise any number of 
conventional threaded connectiona suitable for use with tubular members. In a 
preferred embodiment, the threaded connection 4915 comprises a pin-and-box 

25 threaded connection. In this manner, the assembly of the first tubular member 
4905 to the second tubvdar member 4910 is optimized. 

The first O-ring groove 4920 is preferably provided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 that is 
separated firom an end portion of the threaded connection 4915. In this 

30 manner, the sealing effect provided by the O-rings, 4930 and 4935, is 

optimized. The first 0-ring groove 4920 is preferably adapted to receive and 
support one more O-ringa. The volumetric size of the first 0*ring groove 4920 
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is preferably selected to permit the 0-ring 4930 to expand at least 
approximate 20% in, the axial diredaon during the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 
member 4910 during and upon the completion of the radial expansion process is 
5 minimized* 

The second 0-ring groove 4925 is preferably provided in the threaded 
portion of the interior wall 4950 of the second tubular member 4910 that is 
immediately adjacent to an end portion of the threaded connection 4915. In 
this manner, the sealing efiFect provided by the O-rings, 4930 and 4935, is 

10 optimized. The second 0-ring groove 4925 is preferably adi^ted to receive and 
support one more 0-rings. The voliunetric size of the second O-ring groove 
4925 is prefmbly selected to permit the 0-ring 4935 to expand at least 
approximately 20% in the axial direction during the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 

15 member 4910 during and upon the completion of the radial expansion process is 
minimized* 

The 0*rings» 4930 and 4935, are supported by the 0-ring grooves, 4920 
and 4925. The use of a pair of O-ringa, 4930 and 4935, that are eadsHy 
separated optimally ensures that a fluid-tight seal is maintained between the 

20 first tubular membor 4905 and the second tubular meinber 4910 throughout 
and upon the completion of the radial expansion process* In particular, the use 
of a pair of O-ringa provides redundancy in the seal between the first tubular 
member 4905 and the second tubular member 4910. 

In a preferred ^nbodunent, the expandable threaded connections 4300, 

25 4500, 4700, and/or 4900 are used in combination with one or more of the 

embodiments illustrated in FIGS. 1-24E in order to optimally expand a plurality 
of tubular members coupled &id to end using the expandable threaded 
connections 4300, 4500, 4700 and/or 4900. 

A method of creating a casing in a borehole located in a subterranean 

30 formation has be&i described that includes ipn^^iHtig a tubular liner and a 
mandrel in the borehole. A body of fluidic material is then injected into the 
borehole. The tubular liner is then radially expanded by extruding the liner off 
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of the mandrel. The injectiDg preferably includes injecting a hardenable fluidic 
sealing material into an annuls region located between the borehole and the 
exterior of the tubular liner; and a non hardenable fluidic material into an 
interior region of the tubular liner below the mandrel. The method preferably 
5 includes fluidic^ isolating the annular region from the interior region before 
injecting the second quantity of the non hardenable sealing nmterial into tiie 
interior region. The izy'ecting the hardenable fluidic sealing material is 
preferably provided at operating pressures and flow rates ranging from about 0 
to 5000 psi and 0 to 1,500 gallons/min. The ii^ecting of the non hardenable 
10 fluidic material is preferably provided at operating pressures and flow rates 
ranging from about 500 to 9000 psi and 40 to 3,000 gaUonsMiin. The ii\)ecting 
of the non hardenable fluidic matorial is preferably provided at reduced 
operating pressures and flow rates during an end portion of the ertruding. The 
non hardenable fluidic material is preferably iryected below the mandrel. The 
15 method preferably includes pressurizing a region of the tubular liner below the 
mandrel. The r^on of the tubular liner below the mandrel is preferably 
pressurized to pressures ranging from about 500 to 9»000 psi. The method 
preferably includes fluididy isolating an interior region of the tubular liner 
&*om an exterior region of the tubular liner. The method furth« preferably 
20 includes curing the hardenable sealing material, and removing at least a portion 
of the cured sealing material located within the tubular liner. Themethod 
furthw preferably iadudes ovexiapping the tubular liner with an existing 
wellbore caaing. The method fixrther preferably indudes sealing the ov^lap 
between the tubular liner and the existing wellbore casing. The method further 
25 preferabty indudes supporting the extruded tubular hner using the overlap 
with the existing wellbore casing. The method furth^ preferably indudes 
testing the integrity of the seal in the overly between the tubular liner and the 
existing wellbore casing. The method further preferably indudes removing at 
least a portion of the hardenable fluidic sealing material within the tubular 
30 liner before curing. The method further preferably indudes lubricating the 
surface of the mandrd. The method further preferably indudes absorbing 
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shock. The method further preferably includes catching the mandrel upon the 
completion of the extruding.. 

An apparatus for creating a casing in a borehole located in a 
subterranean formation has been described that includes a support member, a 
5 mandrel, a tubular member, and a shoe. The support member includes a first 
fluid passage. The mandrel is coupled to the support member and includes a 
second fluid passage. The tubular member is coupled ta the mandreL The shoe 
is coupled to the tubular liner and includes a third fluid passage. The first, 
second and third fluid passages are operably coupled. The support member 
10 preferab^further includes a pressure relief passage, and a flow control valve 
coupled to the first fluid passage and the pressure rdief passage. The support 
member further prefenbfy includes a shodc absorber. The support mmber 
preferably includes one or more sealing members adapted to prevrat foreign 
material from entering an interior region of the tubular member. The mandrel 
15 is preferabliy expandable. The tubular member is preferably fabricated from 
materials selected from the group consisting of Oilfield Countiy Tubular Croods, 
13 chromium steel tubing/leasing^ and plastic casing. The tubular member 
preferably has innar and outer diameters ranging from about 3 to 15.5 inches 
and 3.5 to 16 inches, respectively. The tubulu* member preferably has a plastic 
20 yield point ranging from about 40,000 to 135,000 psi. The tubular member 
preferably includes one or more sealing members at an end portion. The 
tubular member preferaUly incfatdes one or more pressure relief holes at an end 
portion. The tubular mraaber preferably includes a catching member at an end 
portion for slowing down the mandreL The shoe prrferably includes an inlet 
25 port coupled to the third fluid passage, the inlet port adapted to receive a plug 
for blocking the inlet port. The shoe preferably is drillable. 

A method of joining a second tubular member to a first tubular member, 
the first tubular member having an inner diameter greater then an outer 
diameter of the second tubular member, has been described that indudes 
30 positioning a mandrel within an interior region of the second tubular member, 
positioning the first and second tubular membm in an overlapping 
relationship, pressurizing a portion of the interior region of the second tubular 
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member, and extruding the second tubular member off of the mandrel into 
engagement with the first tubular member. The pressurizing of tixe portion of 
the interior region of the second tubular member is preferably provided at 
operating pressures ranging from about 500 to 9,000 psi. The pressurizing of 
5 the portion of the interior region of the second tubular member is preferably 
provided at reduced operating pressures during a latter portion of the 
extruding. The method further preferably includes sealing the overlap between 
the first and second tubular members. The method further preferably includes 
supporting the ecactruded first tubular member using the overlap with the second 
10 tubular member. The method further preferably indudes lubricating the 
surface of the mandrel. The method further prefmAily indudes absorbing 
shock. 

A liner for use in creating a new section of wellbore casing in a 
subterranean formation adjacent to an already gyratin g section of wellbore 
15 casing has he&k described that indudes an annular member. The annular 
member indudes one or more sealing members at an md portion of the annular 
member, and one or more pressure relief passages at an end portion of the 
annular member. 

A wellbore casing has been described that indudes a tubular liner and an 
20 annular body of a cured fluidic seaUng materiaL The tubular lin vis formed by 
the process of extruding the tubular liner off of a mandrel The tubular liner is 
preferably formed by the process of placing the tubular liner and mandrd 
within the wellbore, and pressurizing an interior portion of the tubular Uner. 
The annular body of the cured fluidic sealing material is preferably formed by 
25 the pn)ce88 of iz\jectang a body of hardenable fluidic sealing material into an 
annular r^on external of the tubular Uner. During the pressurizing, the 
interior portion of the tubular Uner is preferably fluidicty isolated from an 
exterior portion of the tubular liner. Tlie interior portion of the tubular liner is 
preferably presaurized to pressurea ranging firom about 500 to 9,000 psi. The 
30 tubular liner preferably overUps with an existing weUbore casing. The wellbore 
casing preferably further indudes a seal positioned in the overlap between the 
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tubular liner and the existing wellbore casing. Tubular liner is preferably 
supported the overlap with the. existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 
borehole has been described that includes installing a tubular liner and a 
5 mandrel vathin the wellbore casing, injecting a body of a fluidic material into 
the borehole, pressurizing a portion of an interior region of the tubxilar liner, 
and radially expanding the liner in the borehole by extruding the liner off of the 
mandrel. In a preferred embodiment, the fluidic material is selected from the 
group consisting of slag mix, cement» drilling mud, and epoxy. In a preferred 
10 embodiment, the method further includes fluididy isolating an interior region 
of the tubular liner from an exterior region of the tubular liner. In a preferred 
embodiment, the injecting of the body of fluidic material is provided at 
operating pressures and flow rates ranging from about 500 to 9,000 psi and 40 
to 3,000 gallona/min. In a preferred embodiment^ the injecting of the body of 

15 fluidic matoial is provided at reduced operating pressures and flow rates 
during an end portion of the extruding. In a preferred embodiment^ the fluidic 
material is injected below the mandrel. In a preferred embodiment, a region of 
the tubular liner below the mandrel is pressurized. In a prrferred embodiment, 
the region of the tubular liner below the mandrel is pressurized to pressures 

20 ranging from about 500 to 9,000 psi. In a preferred embodunrat^ the method 
further includes overlapping the tubular liner with the tmnting wellbore casing. 
In a pref erred raibodiment, the method further includes sealing the interface 
between the tubular liner and the existing wellbore casing. In a pref erred 
embodiment^ the method further includes supporting the extruded tubular liner 

25 using the existing wdlbore casing. In a preferred embodiment, the method 
further indudes testing the integrity of the seal in the interface betwe^ the 
tubular liner and the existing wellbore casing. In a preferred embodiment, 
method further indudes lubricating the smrfaoe of the mandreL In a preferred 
embodiment, the method further indudes absorbing shock. In a preferred 

30 embodiment, the method further indudes catching the mandrel upon the 
completion of the extruding. In a preferred embodiment^ the method further 
indudes expanding the mandrel in a radial direction. 
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A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular, liner, and an azmulsu* body of a cured fluidic sealing 
material. The tubular liner is formed by the process of extruding the tubular 
liner off of a mandrel. The annular body of a cured fluidic sealing material is 
5 coupled to the tubular Uner. In a prrferred anbodiment, the tubular liner is 
formed by the process of placing the tubular liner and mandrel within the 
wellbore, and pressurizing an interior portion of the tubular liner. In a 
preferred embodunenti during the pressurizing, the interior portion of the 
tubular hner is fluididy isolated from an exterior portion of the tabular liner. 
10 In a preferred embodiment^ the interior portion of the tubular Uner is 

pressurized at pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment, the annular body of a cured fluidic sealing material is formed by 
the process of iiyecting a hodj of hardenable fluidic sealing t notftri i^l into an 
annular region between the existing wellbore casing and the tubular Uner. In a 
15 preferred embodimmt, the tubular liner overlaps with another OTi«Hng 

wellbore casing. In a prefen^ embodiment, the tie-badk liner further indudes 
a seal positioned in the overly between the tubular liner and the other existing 
wellbore casing. In a preferred embodiment, tubular liner is supported by the 
overiap with the other existing wellbore casing. 
20 An apparatus for expanding a tubular member has been described that 

indudes a support monber, a mandrel, a tubular member, and a shoe. The 
support member indudes a first fluid passage. The mandrel is coupled to the 
support member. The mandrel indudes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The 
25 interior portion of the mandrd ia driUable. The tubular member is coupled to 
the mandrel. The shoe ia coupled to the tubular member. The shoe indudes a 
third fluid passage operably coupled to the second fluid passage, an interior 
portion, and an exterior portion. The interior portion of the shoe is drillable. 
Preferably, the interior portion of the mandrel indudes a tubular member and a 
30 load bearing membor. Prefmbly, the load bearing memba comprises a 
drillable bo4y. Preferably, the interior portion of the shoe indudes a tubular 
member, and a load bearing member. Preferably, the load bearing member 
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comprises a diiUable body. Preferably, the exterior portion of the mandrel 

comprises an expansion cone. . Preferably, the expansion cone is fabricated from 

materiab selected from the group consisting of tool steel, titanium, and 

ceramic. Preferably, the expansion cone has a suzfoce hardness ranging from 

5 about 58 to 62 Rockwell C. Preferably at least a portion of the apparatus is 
drillable. 

A wellhead has also been described that includes an outer casing and a 
plurality of substantially concentric and overlapping inner casings coupled to 
the outer casing. Each inner casing is supported by contact pressure between 
10 an outer surface of the inner casing and an inner surface of the outer casing. In 
a preferred embodiment, the outer casing has a yield strength ranging from 
about 40,000 to 135.000 psi. In a preferred embodiment, the outer casing has a 
burst strength ranging from about 5,000 to 20,000 psi. In a preferred 
embodiment, the contact pressure between the inner casings and the outer 
15 casing ranges from about 500 to 10,000 psL In a preferred embodiment, one or 
more of the inner casings include one or more sealing members that contact 
with an inner surface of the outer casing. In a preferred embodiment, the 
sealing members are selected from the group consisting of lead, rubber. Teflon, 
epo^, and plastic. In a preferred embodiment* a Christmas tree is coupled to 
20 the outer casing. In a preferred embodiment, a drilling spool is coupled to the 
outer casing. In a preferred embodiment, at least on? of the inner casings is a 
production casing. . 

A wellhead has also been described that indudea an outer casing at least 
partial^ positioned within a wellbore and a plurality of substantially concentric 

25 umer casing coupled to the interior surfiwe of the outer casing by the process 
of expanding one or nmre of the inner caain^i into contact with at least a 
portion of the interior surface of the outer cssing. In a preferred embodiment, 
the inner casings are expanded by extruding the inner casings off of a mandrel. 
In a preferred embodiment, the inner casings are expanded by the process of 

30 placing the inner casing and a mandrel within the wellbore; and pressurizing an 
interior portion of the inner casing. In a preferred embodiment, during tiie 
pressurizing, the interior portion of the inner casing is fluidicfy isolated from an 
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exterior portion of the inner casing. In a preferred embodiment, the interior 
portion of the inner casing is pressurized at pressures ranging from about 500 
to 9,000 psi. In a preferred embodiment, one or more seals are positioned in the 
interface between the inner casings and the outer casing. In a preferred 
5 embodiment^ the inner casings are supported by their contact with the outer 
casing. 

A method of forming a wellhead has also been described that includes 
drilling a weUbore, An outer casing is positioned at least partially within an 
upper portion of the wellbore. A first tubidar member is positioned within the 
10 outer casing. At least a portion ofthe first tubular member is expanded into 
contact with an interior surface of the outer casing. A second tubular member 
is positioned within the outer casing and the first tubular member. At least a 
portion of the second tubular meash&t is expanded into contact with an interior 
portion of the outer casing. In a prefenred embodiment^ at least a portion of the 
15 interior of the first tubular member is pressurized. In a preferred 

embodiment^ at least a portion of the interior of the second tubular member is 
pressurized. In a preferred embodiment^ at least a portion of the interiors of 
the first and second tubular members are pressurized. In a preferred 
embodiment^ the pressurizing of the portion of the interior region of the first 
20 tubular member is provided at operating pressures ranging from about 500 to 
9,000 psi. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the second tubular member is provided at operating pressures 
ranging fit>m about 500 to 9,000 psi. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the first and second tubular 
25 members is provided at operating pressures ranging from about 500 to 9,000 
psi. In a preferred raibodiment^ U&e pressurizing of the portion of the interior 
region of the first tubular member is provided at reduced operating pressures 
during a latter portion of the expansion. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the second tubular member 
30 is provided at reduced operating pressures during a latter portion of the 
expansion. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the first and second tubular members is provided at reduced 
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operating pressures during a latter portion of the expansions. In a preferred 
embodiment, the contact bettireen the first tabular member and the outer 
casing is sealed In a preferred embodiment, the contact between the second 
tubular member and the outer casing is sealed. In a preferred embodiment, the 
5 contact between the first and second tubular members and the out^ casing is 
sealed. In a preferred embodiment, the expanded first tubular member is 
supported using the contact with the outer casing. In a preferred embodiment, 
the expanded second tubular member is supported using the contact with the 
outer casing. In a preferred embodiment, the expanded first and second tabular 
10 members are supported using their contacts with the outer casing. In a 

preferred embodiment, the first and second tubular members are extruded off 
of a mandrel. In a preferred embodiment, the surface of the mandrel is 
lubricated. In a preferred embodiment, ahock is absorbed. In a preferred 
embodiment, the mandrel is expanded in a radial direction. In a preferred 
15 embodiment, the first and second tubular members are positioned in an 

overlapping relationship. In a preferred embodiment, an interior region of the 
first tubukff member is fiuidiclsr isolated firom an exterior region of the first 
tubuhv member. In a preferred embodunent. an interior region of the second 
tubuhv member is fluididy isoteted from an exterior region of the second 
20 tubular member. In a preferred embodiment, the interior region of the first 
tubular member is fluidicly isoUted from the region exterior to the first tubular 
member by iqjecting one or more plugs into the interior of the first tubular 
member. In a prefiarred embodiment, the interior region of the second tubular 
member is fluidicly isolated from the region exterior to the second tubular 
25 member by injecting one or more phigs into the interior of the second tubular 
member. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the first tubular member is provided by iiuecting a fluidic 
material at operating pressures and flow rates ranging from about 500 to 9,000 
psi and 40 to 3,000 gaUona/minute. In a preferred embodiment, the 
30 pressurizing of the portion of the interior region of the second tiibular member 
is provided by injecting a fluidic material at operating pressures and flow rates 
ranging from about 500 to 9,000 psi and 40 to 3,000 gallons/minute. In a 
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preferred embodiment, fluidic material is injected beyond the mandrel. In a 
preferred embodim^t^ a region of the tubular members bq^ond the mandrel is 
pressurixed. In a preferred embodiment, the r^on of the tubular members 
beyond the mandrel is pressurized to pressures ranging firom about 500 to 9,000 
5 pai. In a preferred embodiment, the first tubular member comprises a 

production casing. In a preferred embodim^t, the contact between the first 
tubular membw and the outer casing is sealed. In a preferred embodiment, the 
contact between the second tubular member and the outer casing is sealed. In a 
preferred embodiment, the expanded first tubular member is supported using 
10 the outer casing. In a preferred embodiment, the expanded second tubular 
mm&ber is supported using the outer casing. In a preferred embodiment, the 
integrity of the seal in Uie contact between the first tubular member and the 
outer casing is tested. In a preferred ^nbodiment, the integrity of the seal in 
the contact betwem the second tubular member and the out^ casing is tested. 
15 In a preferred onbodimenti the mandrel is caught upon the completion of the 
extruding. In a preferred embodiment, the mandrel is drilled out In a 
preferred embodiment, the mandrd is supported with coiled tubing. In a 
preferred embodiment, the mandrel is coupled to a drillable shoe. 

An apparatus has also been described that includes an outer tubular 
20 member, and a plurality of substantially concentric and overlapping inner 
tubular members coupled to the outer tubular member, Kach inner tubular 
member is supported by contact pressure between an outer smf ace of the inner 
casing and an inner surface of the outer inner tubular member. In a preferred 
embodiment, the outer tubidar member has a yield stroigth ranging from about 
25 40,000 to 135,000 psi. In a preferred onbodiment, the outer tubular member 
has a burst strength ranging from about 5,000 to 20,000 psi. In a preferred 
embodiment, the contact pressure between the inner tubular members and the 
outer tubular member ranges from about 500 to 10,000 psi. In a preferred 
embodiment, one or more of the iimer tubular members include one or more 
30 sealing members that contact with an inner surface of the outer tubular 
member. In a preferred embodiment, the sealing members are selected from 
the group consisting of rubber, lead, plastic, and epos^. 
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An apparatus has also been d^cribed that include an outer tubular 
member, and a plurality of substantially concentric inner tubular members 
coupled to the interior surface of the outer tubular member by the process of 
expanding one or more of the inner tubular members into contact with at least 
5 a portion of the interior surface of the outer tubular member. In a preferred 
embodiment, the inner tubular members are expanded by extruding the inner 
tubular members off of a mandrel. In a preferred embodiment, the izmer 
tubular members are expanded by the process of: placing the inner tubular 
members and a mandrel within the outer tubular member; and pressurizing an 
10 interior portion of the inner casing. In a preferred embodiment* during the 
pressurizing, the interior portion of the inner tubular member is fluididy 
isolated from an exterior portion of the inner tubular monber. Inapreferred 
embodiment^ the interior portion of the inner tubular member is pressurized at 
pressures ranging from about 500 to 9,000 psL In a preferred embodiment, the 
15 apparatus further includes one or more seals positioned in the interface 
between the inner tubular members and the outa: tubular member. In a 
preferred embodimmt, the inner tubular members are supported by their 
contact with the outer tubular member. 

A wellbore casing has also been described that includes a first tubular 
20 member, and a second tubular member coupled to the first tubular member in 
an overlapping relationship. The inner diameter of the first tubular member is 
substantially equal to the inner diameter of the second tubular member. In a 
preferred embodiment* the first tubular mmober includes a first thin wall 
section, wherein the second tubular member includes a second thin wall section, 
25 and wherein the first thin wall section is coupled to the second thin wall 
section. In a preferred embodiment, first and second thin wall sections are 
deformed. In a preferred embodiment, the first tubular member includes a first 
compressible membor ooufded to the first thin wall section, and wherein the 
second tubular member includes a second conqiressible mraiber coupled to the 
30 second thin wall section. In a preferred embodiment, the first thin wall section 
and the first con4>res8ible membv are coupled to the second thin wall section 
and the second compressible member. In a preferred mnbodiment, the first 
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and second thin wall sections and the first and second compressible members 
are deformed. . 

A wdlbore casing has also been described that includes a tubular 
member including at least one thin waU section and a thick wall section, and 
5 a compressible annular member coupled to eadi thin wall section. In a 
preferred anbodiment, the compressible jtunuliiT member is fabricated from 
materials selected from the group consisting of rubber, fdastiCp metal and epoxy. 
In a prrferred embodiment; the wall thidmess of the thin wall section ranges 
from about 50 to 100 % of the waU thickness of the thick wall section. In a 

10 preferred embodiment, the Ingth of the thin wall section ranges from about 
120 to 2400 inches. In a preferred embodiment, the compressible atiT niiay 
member is positioned along the thin wall section. In a prtferred embodiment, 
the oomprassible annular member is positioned along the thin and thidc wall 
sections. In a preferred embodiment, th6 tubular member is fabricated from 

15 materials selected from the group consisting of oilfield country tubular goods, 
stainless steel, low alloy steel, carbon steel, automotive grade steel, plastics, 
fiberglass, hi^ strength and/or deformable materials. In a preferred 
embodiment, the wellbore casing includes a first thin wail at a first end of the 
casing, and a second thin wall at a second end of the casing. 

20 A method of creating a casing in a borehole located in a subterranean 

formation has also been described that includes supporting a tubxilar liner and a 
mandrel in the borehole usinga support member, iiyecting fluidic nia^^'ai into 
the boreholfii pressurudng an interior region.of the mandrel, displacing a 
portion of the mandrel relative to the support member, and radially expanding 

25 the tubular Uner. In a preferred onbodiment, the iiyectingindudesiAjecting 
hardenable fluidic sealing material into an ««niil«r region located between the 
borehole and the exterior of the tubular liner, and ii^ecting non hardenable 
fluidic material into an tntmor region of the mandrel. In a preferred 
embodimoiti the method further indudes fluidicly isolating the annular region 

30 fit>m the interior region before injecting the non hardimable fluidic material 
into the interior region of the mandrel. In a preferred embodiment, the 
injecting of the hardenable fluidic sealing material is provided at operating 
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pressures and flow rates ranging from about 0 to 5,000 pei and 0 to 1,500 
gallonsAnin. Inaprderredembodipient^ theiiyectingof the 
fluidic material is provided at operating pressures and flow rates ranging from 
about 600 to 9,000 psi and 40 to 3,000 gaUona/min. In a preferred embodiment, 
5 the iiyecting of the non hardenable fluidic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
expansion. In a preferred embodiment, the fluidic material is ii^ected into one 
or more pressure chambers. In a preferred embodim^t, the one or more 
pressure chambers are pressurized. In a preferred embodimait» the pressure 
10 diambers are pressurized to pressures ranging from about 500 to 9,000 psL In 
a preferred embodiment, the method further includes fluididy isolating an 
interior region of the mandrel from an exterior region of the mandrel. In a 
preferred embodiment, the interior region of the mandrel is isolated from the 
region eorterior to the mandrel by inserting one or more plugs into the tiuected 
15 fluidic materiaL In a preferred embodiment, the method frurther includes 
curing at least a portion of the fluidic material, and removing at least a portion 
of the cured fluidic material located within the tubular linor. In a preferred 
embodiment, the method further indudea overlapping the tubular liner with an 
existing wellbore casing. In a prefgred embodiment, the method further 
20 indudes sealing the overlap between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method f^irther indudes supporting the 
extraded tubular liner using the overlap with the existing wellbore cas^^ Ina 
preferred embodiment, the method further indadteg the integrity of the seal in 
the overU^ between the tubular liner and the existing vrellbore casing. In a 
25 preferred embodimoit, the method furtho- indudes removing at least a portion 
of the hardenable fluidic sealing material within the tubular liner before curing. 
In a preferred embodiment, the method further indudee lubricating the surface 
of the mandrel. In a preferred embodimo&t, the method further indudea 
absorbing shock. In a preferred embodiment, the method furttier indudes 
30 catching the mandrd upon the completion of the extruding. In a preferred 
embodiment, the method further indudes drilling out the mandrd. In a 
preferred embodimrat, the method further indudes supporting the mandrel 
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with coiled tubing. In a preferred embodiment, the mandrel reciprocates. In a 
preferred embodiment, , the mandrel is dispL^ed in a first direction during the 
pressurization of the interior region of the mandrel, and the mandrd is 
displaced in a second direction during a de-preasurization of the interior region 
5 ofthemandreL In a preferred embodiment, the tubular liner is maintained in a 
substantially stationary position during the pressurization of the interior region 
of the mandrel. In a preferred embodiment, the tubular liner is supported by 
the mandrel during a de-pressurization of the interior region of the mandrel. 
A wellbore casing has also been described that includes afirst tubular 
10 member having a first inside diameter, and a second tubular member having a 
second inside diameter substantially equal to the first inside diameter coupled 
to the first tubular member in an overlapping relationship. The first and 
second tubular miembers are coupled by the process of deforming a portion of 
the second tubular monber into contact with a portion of the first tubular 
15 member. In a preferred embodiment, the second tubular member is deformed 
by the process of placing the first and second tubular members in an 
overlapping relation ship, radially expanding at least a portion of the first 
tubular member, and radially expanding the second tubular member. In a 
preferred embodiment, the second tubular member is radially expanded by the 
20 process of supporting the second tubular member and a mandrel within the 
wellbore using a support member, injecting a fluidic material into the wellbore, 
pressurizing an interior region of the mandrel, and displacing a portion of the 
mandrel relative to the support member. In a preferred embodiment, the 
iigecting includes tm'ecting hardenable fluidic sealing material into an annular 
25 region located between the borehole and the extoior of the second Uner, and 
iigecting non hardenable fluidic material into an interior region of the mandrel. 
In a preferred embodiment, the wdlbore casing further includes fluididy 
isolating the annular region from the interior region of the mandrd before 
iiuecting the non hardenable fluidic material into the interior region of the 
30 mandrel. In a prefenred embodiment, the ii^jecting of the hardenable fluidic 
sealing material is provided at operating pressures and flow rates ranging from 
about 0 to 5,000 psi and 0 to 1,500 gallons/min. In a preferred embodiment^ the 
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injecting of the non hardenable fluidic material is provided at operating 
press\ires and flow rates ranging firom about 500 to 9,000 psi and 40 to 3,000 
gallons/min. In a preferred embodimenti the injecting of the non hardenable 
fluidic material is provided at reduced operating pressures and flow rates 
5 during an end portion of the radial expansion. In a preferred embodiment, the 
fluidic material is iiyected into one or more pressure chambers. In a preferred 
embodiment, one or more pressure chambers are pressurized. In a preferred 
embodiment, the pressure chambers are pressurized to pressures ranging from 
about 500 to 9,000 psi. In a preferred embodiment, the wellbore casing further 

10 includes fluididy isolating an interior region of the mandrel from an exterior 
region of the mandrel. In a preferred embodiment, the interior r^on of the 
mandrel is isolated bom the region exterior to the mandrel by inserting one or 
more plugs into the izgected fluidic material. In a preferred embodiment, the 
wellbore casing further includes curing at least a portion of the fluidic material, 

15 and removing at least a portion of the cured fluidic material located within the 
second tubular liner* In a preferred embodimenti the wellbore casing f^irther 
includes sealing the overlap between the first and second tubular liners. In a 
preferred embodimentp the wdlbore casing fkirther includes supporting the 
second tubular Uner using the overlap with the first tubular liner. In a 

20 preferred embodiment, the wellbore casing further includes testing the 

integrity of the seal in the overlap between the first and second tubular liners. 
In a preferred embodiment, the wellbore casing fUrther includes removing at 
least a portion of the hardenable fluidic sealing material within the second 
tubular liner before curing. In a preferred embodiment, the wellbore casing 

25 further includes lubricating the surface of the mandrel. In a preferred 
embodimrat, the wellbore casing further includes absorbing shodL In a 
preferred embodiment, the wellbore casing further includes catching the 
mandrel upon the completion of the radial expansion. In a preferred 
embodiment, the wellbore casing further includes drilling out the mandrel. In a 

30 preferred embodiment, the wellbore casing further include supporting the 
mandrel with coiled tubing. In a preferred embodiment, the mandrel 
reciprocates. In a preferred embodiment, the mandrel is displaced in a first 
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direction during the pressurization of the interior region of the mandrel; and 
wherein the mandrel is displaced in a second direction during a de- 
pressurization of the interior region of the mandreL In a preferred 
embodiment^ the second tubular liner is maintained in a substantially 
5 stationazy position during thd pressurization of the interior region of the 
mandrel. In a preferred embodiment^ the second tubular liner is supported by 
the mandrel during a de-pressurization of the interior region of the mandrel. 

An apparatus for expanding a tubular member has also been described 
that includes a support memb« including a fluid passage, a mandrel movably 
10 coupled to the support member including an expansion cone, at least one 
pressure d&amber defined by and positioned betwe» the support member and 
mandrel fluidic^ coupled to the first fluid passage, and one or more releasable 
supports coupled to the support member adapted to support the tubular 
member. In a preferred embodimenti the fluid passage includes a throat 
1$ passage having a reduced inner diameter. In a prrferred embodiment, the 
mandrel includes one or more annular pistons. In a preferred embodiment, the 
apparatus includes a plurality of pressure chambers. In a preferred 
embodiment^ the pressure chambers are at least partial^ defined by 
pistons. In a preferred embodim^t^ the releasable supports are positioned 
20 below the mandrel. In a preferred embodiment, the rdeasable supports are 
positioned above the mandrel. In a preferred embodiment, the releasable 
supports comprise l^ydraulic slips. In a preferred embodiment, the releasable 
supports comprise mechanical slips. In a preferred embodiment, the releasable 
supports con^iriae drag blocks. In a preferred embodiment^ the mandrel 
25 includes one or more annular pistons, and an ezpanaion cone coupled to the 
annular pistons. In a prefmed anbodiment, one or more of the awmiiny 
pistons indude an eaqiansion cone. In a preferred embodiment, the pressure 
chambers comprise annular pressure chambers. 

An amnratus has also been described that includes one or more solid 
30 tubular members, each solid tubular membw including one or more external 
seals, one or more .slotted tubular members coupled to the solid tubular 
members, and a shoe coupled to one of the slotted tubular members. In a 
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preferred embodiment, the apparatus furUier includes one or more 
intermediate solid tubular members coupled to and interleaved among the 
slotted tubular monbers, each intermediate soUd tubular member including 
one or more external seals. In a preferred embodiment, the s^paratus further 
5 includes one or more valve members. In a preferred embodiment, one or more 
of the intermediate soUd tubular members include one or moi« valve members. 

A method of joining a second tubular member to ft first tabular member, 
the first tubular member having an inner diameter greater than an outer 
diameter of the second tubular member, has also been described that includes 
10 positioning a mandrel within an interior region of the second tubulsr member, 
pressurizing a portion of the interior r^n of the mandrel, displacing the 
mandrel relative to the second tubular member, and extruding at least a portion 
of the second tubular member off of the mandrel mto engagement with the first 
tubular member. In a preferred embodiinent, the pressuiiziaff of the portion of 
15 the interior region of the mandrel is provided at operating pressures ranging 
from about 500 to 9.000 pd. In a preferred embodiment, the pressurizing of the 
portion of the interior region of the mandrel is provided at reduced operating 
pressures during a latter portion of the extruding. In a preferred embodiment, 
the method ftnrther includes sealing the interfiaee between the first and second 
20 tubular members. In a preferred embodiment, the method further includes 
suj^rting the extruded second tubular member using the interface with the 
first tubular member. In a preferred embodiment, the method further includes 
lubricating the surface of the mandrel. In a preferred embodiment, the method 
further includes absorbing shock. In a preferred embodiment, the method 
25 further includes positioning the first and second tubulsr members in an 
overlapping relationship. In a preferred embodunent, the method further 
includes fluididy isokiting an mterior fegion of the mandrel an exterior region 
of the mandrel In a preferred embodiment, the mterior region of the mandrel 
is fluidicly isolated from the region exterior to the mandrel by injecting one or 
30 more plugs into the interior of the mandrel, bi a preferred embodiment, the 
pressurizing of the portion of the interior region of the mandrel is provided by 
injecting a fluidic material at operating pressures and flow rates ranging from 
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about 500 to 9>000 pd and 40 to 3,000 gallonsAninute. In a preferred 
embodiment^ the method Anther indudea injectiDg fluidic material beyond the 
mandrel. In a preferred embodiment, one or more pressure chambCTS defined 
by the mandrel are pressurized. In a preferred ^nbodiment, the pressure 
5 chambers are pressurized to pressures ranging fit)m about 500 to 9,000 psi. In 
a preferred embodiment, the first tubular member comprises an section 
of a wellbore. In a preferred embodiment, the method further includes sealing 
the interface between the first and second tubular members. In a preCnred 
embodimmt, the method further includes supporting the extruded second 

10 tubular memb^ using the first tubular member. In a preferred embodimrat, 
the method further includes testing the integrity of the seal in the interface 
between the first tubular member and the second tubular member. In a 
preferred onbodiment, the method further indudes catching the mandrel upon 
the conq>letion of the extruding. In a preferred embodiment, the method 

15 further indudes drilling out the mandrel. In a preferred embodiment, the 
method further indude supporting the mandrel with coiled tubing. In a 
preferred embodiment, the method further indudes coufding the mandrel to a 
(billable shoe. In a preferred embodiment, the mandrel is displaced in the 
longitudinal direction. In a preferred embodiment, the mandrel is displaced in 

20 a first direction during the pressurization and in a second direction during a de- 
pressurization. 

An apparatus has also been described that indudes one or more primary 
solid tubulars, each primaiy solid tubular induding one or more external 
annular seals, n slotted tubulars coupled to the primary solid tubulars, n-1 

25 intermediate soUd tubtilsn coupled to and intwleaved among the slotted 
tubulars, each intermediate solid tubular induding one or more ext^nal 
annular seals, and a shoe coupled to one of the slotted tubulars. 

A method of isolating a first subterranean zone from a second 
subterranean zone in a wellbore has also been described that indudes 

30 positioning one or more primary solid tubulars withini the wellbore, the primary 
solid tubulars traversing the first subterranean zone, positioning one or more 
slotted tubulars within the wellbore, the slotted tubulars traversing the second 
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subterranean zone, fluididy coupling the slotted tubuiars and the solid 
tubulars, and preventing the passage qf fluids from the first subterranean zone 
to the second subterranean zone within the wellbore external to the soUd and 
slotted tubuiars. 

5 A method of extracting materials from a producing subterranean zone in 

a wellbore, at least a fxirtion of the wellbore including a casing, has also been 
described that includes positioning one or more primary solid tubuiars within 
Uie wellbore, fluididy coupling the primary solid tubuiars with the casing, 
positioning one or more slotted tubuiars within the wellbore, the slotted 
10 tubuiars traversing the producing subterranean zone, fluidiclycoupli^ 
slotted tubuiars with the solid tubuiars, fluididy isolating the producing 
subterranean zone frt>m at least one other subterranean zone within the 
wellbore, and fluididy coupling at least one of the slotted tubuiars from the 
producing subterranean zone. In a prefer red embodiment, the method further 
15 indudea controllabfy fluididy decoupling at least one of the slotted tubuiars 
from at least one other of the slotted tubuiars. 

A method of creating a casing in a borehole while also drilling the 
borehole also has been described that indudes installing a tubular liner, a 
mandrel, and a drilling assembfy in the borehole. A fluidic material is injected 
20 within the tubular liner, mandrel and drilling assembly. At least a portion of 
the tubular liner is radially expanded while the borehole is drilled using the 
drilling assembly. In a preferred embodiment, the iiqecting indudes injecting 
the fluidic mat»ial within an expandable chamber. In a preferred embodiment, 
the ii^ecting indudes izgecting hardenable fltiidic sealing material into an 
25 annular region located between the borehole and the exterior of the tubular 
liner. In a preferred embodiment, the injecting of the hardenable fluidic sealing 
material is provided at operating pressures and flow rates ranging fit>m about 0 
to 5,000 psi and 0 to 1,500 gallonsAnin. In apreferred embodim«it, the 
injecting of the fluidic material is provided at operating pressures and flow rates 
30 ranging from about 500 to 9,000 psi and 40 to 3,000 gEdlonsAnin. In a preferred 
embodiment, the injecting of the fluidic material is provided at reduced 
operating pressures and flow rates during an end portion of the radial 
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expansion. In a preferred embodiment^ the method further indud 
least a portion of the fliiidic matmal; and removing at least a portion of the 
cured fluidic material located within the tubular liner. In a preferred 
embodiment, the method further includes overli^ping the tubular liner %nth an 
5 existing wellbore casing. In a preferred embodiment, the method further 
includes sealing the overlap between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method furtherindudes supporting the 
eztraded tubular liner using the ovolap with the existing wellbore c^ In a 
preferred embodiment, the method further indudea testing the integrity of the 
10 seal in the ovarii^ between the tubular liner and the existing weUborecasm^^ 
In a preferred embodiment, the method further indudes lubricating the surface 
of the mandrel. In a prefixed embodiment, the method further indudes 
absorbing shock. In a preferred embodiment, the method further indudes 
catdung the mandrel upon the completion of the extruding. In a preferred 
15 embodiment, the method further indudes expanding the mandrd in a radial 
direction. In a preferred embodimrat, the method further indudes drilling out 
the mandreL In a preferred embodiment, the method further indudes 
supporting the mandrel with coiled tubing. In a preferred embodiment, the 
wall thickness of the tubular member is variable. In a preferred embodiment, 
20 the mandrel is coupled to a drillable shoe. 

An apparatus has also been described that indudea a support member, 
the support member induding a first fluid passage; a mandrel coupled to the 
support membo, the mandrel induding: a second fluid passage; a tubular 
member coupled to the mandrel; and a shoe coupled to the tubular liner, the 
25 shoe induding a third fluid passage and a drilling asBanbtya)upled to 

whermn the first, second and third fluid passages and the drilling assembly are 
operably coupled. In a preferred embodiment, the support member f^irther 
indudes: a pressure relief passage; and a flow control valve coupled to the first 
fluid passage and the pressure relief passage. In a preferred embodiment, the 
30 support member further indudes a shock absorber. In a preferred embodiment, 
the support member iiidudes one or more sealing members adapted to prevent 
foreign matoial fit)m entering an interior region of the tubular member. In a 
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preferred embodiment, the support member include one or more stabitbers. 
In a preferred embodiment, the mandrel is expandable. In a preferred 
embodiment, the tubixlar member is fabricated from materials selected from the 
group consisting of Oilfield Country Tubular Goods, automotive grade steel, 
5 plastic and chromium steel. In a prefiored embodiment, the tubular member 
has inner and outer diameters ranging from about 0.75 to 47 inches and 1.05 to 
48 inches, respectively. In a preferred embodiment^ the tubular member has a 
plastic yield point ranging from about 40,000 to 135,000 psi. In a preferred 
embodiment, the tubular m^nber includes one or more sealing men^bers at an 
10 end portion. In a preferred ^bodiment, the tubular member indudes one or 
more pressure relief holes at an end portion. In a preferred embodiment, the 
tubular member includes a catching member at an end portion for slowing 
down movement of the mandrel In a preferred embodiment, the support 
member comprises coiled tubing. In a prrferred embodiment, at least a portion 
15 of the mandrel and ahoe are drillable. In a preferred embodimrat, the wall 
thickness of the tubular mmber in an area adjacrat to the mandrel is less than 
the wall thickness of the tubular member in an area that is not adjacent to the 
mandrel. In a preferred embodiment, the apparatus farther includes an 
expandable chamber. In a preferred embodiment, the expandable chamber is 
20 approximately (^iindricaL In a preferred embodiment, the expandable 
chamber is approximately annular. 

A method of forming an underground pipeline within an underground 
tunnel including at least a first tubular mmbo* and a second tubular mraiber, 
the first tubular mffmher having an inner diameter greater than an outer 
25 diameter of the second tubular member, has also been described Mi fl t includes 
positioning the first tubular member within the tunnel; positioning the second 
tubular member within the tunnel in an owlqiping relationahip with the first 
tubular member; pontioning a mandrel and a drilling aasembly within an 
interior region of the second tubular member; iAjecting a fluidic material within 
30 the mandrel, drilling assembly and the second tubular member; extruding at 
least a portion of the second tubular member off of the mandrel into 
engagement with the first tubular member; and drilling the tunnel. In a 
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preferred embodiment, the kuecting of the fluidic material ia provided at 
operating pressures ranging from about 500 to 9,000 psi. In a preferred 
embodiment^ the injecting of the fluidic material is provided at reduced 
operating pressures during a latter portion of the extruding. In a preferred 
5 embodiment, the method further includes sealing the interface between the 
Grst and second tubular members. In a preferred embodiment, the method 
further indudes supporting the extruded second tubular member using the 
interface with the first tubular member. In a preferred embodiment^ the 
method further includes lubricating the surface of the mandrel. In a preferred 

10 embodiment, the method further indudes absorbing shock. In a prefored 
embodiment, the method further indudes expanding the mandrel in a radial 
direction. In a preferred embodinKent, the method further indudesealing the 
interface between the first and second tubular members. In a preferred 
embodimwt, the method further indudes supporting the extruded second 

15 tubular member using the first tubular member. In a preferred embodiment, 
the method further indudes testing the integrity of the seal in the int^ace 
between the first tubular member and the second tubular member. In a 
preferred embodiment, tiie method further indudes catdiing the mandrel upon 
the completion of the extruding. In a preferred embodiment, the method 

20 further indudes drilling out the mandrel. In a prderred embodiment, the 
method further indudes supporting the mandrel with coiled tubing. In a 
prefCTred embodiment, the method further indudes coupling the mandrel to a 
drillable shoe. In a preferred einbodiment, the fluidfc material U injected in^ 
an expandable diamber. In a preferred embodiment, the expandable chamber 

25 is substantial^ cylindricaL In a preferred otibodiment, the expandable 
diamber b substantially annular* An apparatus has also been described 
that indudes a wellbore, the wellbore formed by the process of drilling the 
wellbore; and a tubular liner positioned within the wdlbore, the tubular liner 
formed by the process of extruding the tubular liner o£f of a mandrel yvhUe 

30 drilling the wellbore. In a preferred embodiment, the tubular liner is formed by 
the process of: placing the tubular liner and mandrel within the wellbore; and 
pressurizing an interior portion of the tubular liner. In a preferred ' 
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embodiment, the interior portion of the tubular liner is pressurized at pressures 
ranging from about 500 to 9^000 pai . In a preferred embodiment^ the tubular 
liner is formed by the process of: placing the tubular liner and mandrel within 
the wellbore; and pressurizing an interior portion of the mandrel. • In a 
5 preferred embodiment^ Qie interior portion of the mandrel is pressurized at 
pressures ranging from about 500 to 9,000 psi. In a preferred embodiment^ the 
apparatus furtho includes an annidar body of a cured fhiidic matmal coupled 
to the tubular liner. In a preferred embodiment, the annular bo^y of a cured 
fluidic sealing material ia formed by the process of: iigecting a bo^y of 
10 hardenable fluidic sealing material into an annular region extenid 

tubular liner. In a preferred embodiment^ the tubular liner overleqis with an 
existing wellbore casing. In a preferred embodiment, the afiparatus fiuther 
includes a seal positioned in the overiap between the tubular liner and the 
existing wellbore casing. In a preferred embodiment, the tubular liner is 
15 supportedby the overlap with the existing wellbore casing. Inapreferred 
embodiment^ the process of extruding the tubular liner includes the 
pressurizing of an expandable chamber. In a preferred embodiment, the 
expandable chamber ia aubstantialfy cylindrical. In a preferred raibodiment, 
the expandable chamber is substantial^ annular. 
20 A method of forming a wellbore casing in a wellbore has also been 

described that indudea drilling out the wellbore while forming the wellbore 
casing. In a preferred embodiment, the forming includes: expanding a tubular 
member in the radial direction. In a p re fer red embodiment, the expanding 
includes: displacing a mandrel relative to the tubular member. In a preferred 
25 embodiment, the dfaplaring includes: expanding an expandable chamber. In a 
preferred embodimoiti the expandable chamber comprises a cylindrical 
chamb er. In a prefoied mbodimenti the expandable chamber comprises an 
annular chamber. 

A method of expanding a tubular member has also been described that 
30 includes placing a mandrel within the tubular member, pressurizing an nnmiljir 
region within the tubular member, and disidadng the mandrel with respect to 
the tubular membo*. In a preferred embodiment, the method further includes 
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removing fluids wiUiin the tubular member ihsi are displaced by the 
displacement of the mandrel. In a preferred onbodiment^ the removed fluids 
pass inside t^e annular region. In a preferred mbodiment, the volume of the 
annular region increases. In a preferred embodiment^ the method further 
5 includes sealing off fixe annular region. In a preferred embodiment^ sealing off 
the annular region includes sealing a stationary member and a^HiKng a non* 
stationary member. In a preferred embodiment^ the method further includes 
conveying fluids in opposite directions. In a preferred embodiment^ the method 
further includes conveying a pressurized fluid and a non-pressurized fluid in 
10 opposite directions. In a preferred CTsbodiment^ the pressurizing is provided at 
operating pressures ranging from about 0 to 9,000 psi. In a preferred 
embodiment^ the pressurizing is provided at flow rates ranging from about 0 to 
3,000 gallona/boinute. 

A method of coupling a tubular miember to preexisting structure has also 
15 been described that includes positioning the tubular member in an overlapping 
relationship to the preexisting structure, placing a mandrel within the tubular 
member, pressurizing an annular region within the tubular member, and 
displacing the mandrel with respect to the tubular member. In a preferred 
embodiment, the method further includes removing fliiids within the tubular 
20 member that are displaced by the displacement of the mandrel. In a preferred 
embodiment, the removed fluids pass inside the annular region. In a preferred 
embodiment, the volume of the ^*nn^]a^ region increases. In a preferred 
embodimenti the method fiirtherindudea sealing off the annular region. In a 
preferred mbodtmenti sealing off the annular region includes sealing a 
25 stationary member and sealing a non-stationaiy member. In a preferred 
embodiment^ the method further includes conveying fluids in opposite 
directions. In a preferred embodiment, the method fiirther includes conveying 
a pressurized fluid and a non-pressurized fluid in opposite directions. In a 
prefiored embodimenti the pressurizing is provided at operating pressures 
30 ranging from about 0 to 9,000 psL In a preferred embodiment, the pressurizing 
is provided at flow rates ranging from about 0 to 3,000 gallona/minute. 
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A method of repairing a defect in a preexisting structure using a tubular 
member has also been, described that indudes poaitioniiig the tubular member 
in an overlapping relationship to the defect in the preexisting structure, placing 
a mandrel within the tubular member, pressurizing an annular r^on within 
5 the tubiilar monber, and displacing the mandrel with respect to the tubular 
member. In a preferred embodiment, the method further indudes removing 
fluids within the tubular member that are displaced by the displacement of the 
mandrel. In a preferred embodimoit, the removed fluids pass inside the 
annular region. In a preferred embodiment^ the volume of the gfiniiiiir region 

10 increases. In a prrferred radxxliment, the method further indudes sealing off 
the annular region. In a preferred embodiment^ sealing off the atimiiftr region 
indudes sealing a stationaiy member and sealing a non^stationary member. In 
a preferred embodiment^ the method further indudes conveying fluids in 
opposite directions. In a preferred embodiment^ the method fkirther indudes 

15 conveying a pressurized fluid and a non-pressurized fluid in opposite directions. 
In a preferred embodiment, the pressurizing is provided at operating pressures 
ranging from about 0 to 9,000 psi. In a preferred embodiment^ the pressurizing 
is provided at flow rates ranging firom about 0 to 3,000 gallons/iminute. In a 
preferred embodimenti the method further indudes sealing the interface 

20 between the preexisting structure and the tubular member at ends of the 
tubular member. 

An apparatus for radially expanding a tubular m^nber has also been 
described that indudes a first tubular member, a second tubular member 
positioned within the first tubular member, a third tubular member movably 

25 coupled to and positioned within the second tubular member, a first annular 
sealing member for sealing an interface between the first and second tubular 
members, a second annular sealing member for sealing an interface between 
the second and third tubular members, and a mandrel positioned within the 
first tubular member and coupled to an end of the third tabular member. In a 

30 preferred embodiment, the apparatus further indudes an annular 

defined by the first tubular member, the second tubular member, the third 
tubular member, the first annMinr sealing member, the second Anm^lnr sealing 
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meznber, and the mandrel. In a preferred embodiment^ the apparatus further 
includes an annular passage.defined by the second tubular member and the 
third tubular member. In a preferred embodiment, the apparatus further 
indudes a fluid passage contained within the third tubular member and the 
5 mandrel. In a preferred embodinient, the apparatus further indudes one or 
more sealing members coupled to an ext^or surface of the first tubular 
member. In a preferred embodiment^ the iqpparatua further indudes an 
annular chamber defined by the first tubular membor, the second tubular 
member, the third tubular member, the first annular sealing member, the 
10 second annular sealing member, and the mandrel, and annular passage defined 
by the second tubular member and the Uiird tubular member. In a preferred 
embodiment, the annular chamber and the tttinii|fl|> passage are fluididy 
coupled. In a preferred embodiment^ the apparatus further indudes one or 
moreslipscoupledto the exterior surface of the first tubular member. Ina 
15 preferred embodiment, the mandrel indudes a conical surface. In a pr efer r e d 
embodiment, the an^e of attack of the conical surface ranges firom about 10 to 
30 degrees. In a preferred embodiment, the conical surface has a surface 
hardness ranging firom about 58 to 62 Rodcwell C. 

An apparatus has also been described that indudes a tubular member, a 
20 piston adapts to expand the diameter of the tubular member positioned within 
the tubular member, the piston induding a passage for conveying fluids out of 
the tubular member, and an annular chamber defined fay the piston and tubular 
member. In a pveferred embodimenti the piston indudes a conical smrfaoe. In a 
preferred embodiment, the angle of attack of the conical surface ranges bom 
25 about 10 to 30 degrees. In a preferred embodimrat, the conical surface has a 
surface hardness ranging finm about 58 to 62 Rockwell C. In a preferred 
embodiment, the tubular membo* indudes one or more sealing membOT 
coupled to the exterior surface of the tubular member. 

A wellbore casing has also been described that indudes a first tubular 
30 member and a second tubular member coupled to the first tubular member. 
The second tubular member is coupled to the first tubular member the 
process of positioning the second tubular member in an overlapping 
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relationship to the Grst tubular memberi pladng a mandrel within the second 
tubular member, presaurizing an annular region within the second tubular 
member, and displacing the mandrel with respect to the second tubular 
member. In a prtferred embodiment, the wellbore casing further includes 
5 removing fluids within the second tubular member that are displaced by the 
displacement of the mandrel. In a prefored embodimoit, the removed fluids 
pass inside the annular region. In a preferred embodim^t, the volume of the 
annular region increases. In a preferred onbodiment, the wellbore casing 
further includes sealing off the annular region. In a preferred embodiment, 
10 sealing off the annular region includes sealing a stationary member and sealing 
a non-stationary member. In a preferred embodiment, the wellbore casing 
furthtfinduding conveying fluids in opposite directions. In a preferred 
embodiment, the wdBbore casing further includes conveying a pressurized fluid 
and a non-pressurized fluid in opposite directions. In a preferred embodiment, 
15 the pressurizing is provided at operating pressures ranging from about 0 to 
9,000 psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. 

An apparatus has also been described that includes a preexisting 
structure and a tubular member coupled to the preexisting structure. The 
20 tubular member is coupled to the preexisting structiire by the process of: 
positioning the tubular member in an overlapping relationship to the 
preexisting structure, pladng a mandrel within the tubular member, 
pressurizing an annular region within the tubular member, and displacing the 
mandrel with respect to the tubular member. In a preferred raibodiment, the 
25 apparatus further indudea removing fluids within the tubular member that are 
displaced by the displacement of the mandrel. In a preferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volume of the annular region increases. In a preferred embodiment, the 
apparatus further includes sealing off the annular r^on. In a prefmed 
30 eo^dimenti sealing off the annular region includes sealing a stationary 

member and sealing a non-stationary member. In a preferred embodiment, the 
apparatus further includes conveying fluids in opposite directions. In a 
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preferred embodiment, the apparatus further includes conveying a pressurized 
fluid and a non-pressumed fluid in opposite directions. In a preferred 
embodiment, the pressiirizing is provided at operating pressures ranging from 
about 0 to 9,000 psi. In a preferred embodiment, the jn^essunzinpis provided at 
5 flow rates ranging from about 0 to 3,000 gallons/minute. 

An apparatus has also been described that includes a preexisting 
stoncture having a defective portion and a tubular member coupled to the 
defective portion of the preexisting structure. The tubular member is coupled 
to the defective portion of the preexisting structure by the process of: 
10 positioning the tubular member in an overi^iping relationship to the defect in 
the preexisting structure^ fiaciag a mandrel within the tubular member, 
pressurizing^ an annular region within the tubular member, and displacing the 
mandrel with respect to the tubular member. In a preferred embodiment, the 
apparatus further indudea ronoving fluids within the tubular mraiber that are 
15 displaced by tbe displacement of the mandrd. In a prrferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volume of the annular region increases. In a pref e r red embodiment, the 
ai^paratusfiuilierindudes sealing ofirthe annular region. Inapi^erred 
embodiment^ sealing off the annular region indudea sealing a stationaxy 
20 member and sealing a non-stationaiy member. In a preferred embodiment, the 
apparatus furtha indudes conveying fluids in opposite directions. In a 
preferred embodimat, the apparatus further indudes conveying a pressurized 
fluid and a non-pressurised fluid in opposite directions. In a prrferred 
^nbodiment, the pressurizing is joDvided at operating pressures ranging from 
25 about 0 to 9,000 psi. In a prrferred embodiment, the pressurizing is provided at 
flow rates ranging from about 0 to 3,000 gallonaAninute. Inapreferred 
embodiment, the apparatus further indudes sealing the interface between the 
inreexisting structure and the tubular member at ends of the tubular member. 
A method of expanding a tubular member has also been described that 
30 indudes friadng a mandrel within the tubular member, pressurizing a region 
within the tubular member, and displacing the mandrd with respect to the 
tubular member. In a preferred embodiment, the pressurizing is provided at 
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operating pressures ranging from about 0 to 9,000 psi. In a preferred 
embodiment^ the pressurizing is {rovided at flow rates ranging from about 0 to 
3,000 gallonsMiinute. In a preferred embodiment^ the tubular member is 
expanded beginning at an upper portion of the tubular member. - 
5 A method of coupling a tubular member to preexisting structure has also 

been desoribed that includes positioning the tubular member in an overlapping 
relationship to the preexisting structure, placing a mandrd within the tubular 
member, pressurizing an interior r^on within the tubular membert and 
dispUdng the mandrel with respect to the tubular member. Inapreferred 
10 embcklimenti the pressurizing is provided at operating pressures rm 

about 0 to 9,000 psi. In a preferred embodiment, the pressurizing is provided at 
flow rates ranging from about 0 to 3,000 gaUona/minute. In a preferred 
embodiment, the tubular monber is eqnnded beginning at an upper portion of 
the tubular member. 
15 A method of repairing a defect in a preexisting structure using a tubular 

membOT has also been described that includes positioning the tubular member 
in an overlapping relationship to the defect in the preexisting structure, placing 
a mandrel within the tubular member, pressurizing an interior region within 
the tubular member, and displacing the mandrel with respect to the tubular 
20 member. In a preferred embodiment, the pressurizing is provided at operating 
pressures ranging from about 0 to 9,000 psi In a prrferred embodiment, the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 
gaUonsAninute. In a {nfened embodiment, the tubular tnembw is expanded 
beginning at an upper portion of the tubular member. Inapreferred 
25 embodimnt, the method fbrtherindudes sealing the interfais between 
preexisting structure and the tubular member at both aids of the tubular 
member. 

An apparatus for radiaUy expanding a tubular member has also been described 
that includes a first tubular member, a second tubular member coupled to the 
30 first tubular member, a third tubular membw coupled to the second tubular 
member, and a mandrel positioned within the second tubular member and 
coupled to an end portion of the third tubular member. In a preferred 
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eznbodiment) the mandrel includes a fluid passage having an inlet adapted to 
receive fluid, stop member. In a preferred embodiment, the apparatus furth^ 
includes one or more slips coupled to the exterior surface of the third tubidar 
member. In a preferred embodiment, the mandrel iacludes a conical surface. 
5 In a preferred embodimenti the angle of attack of the conical surface ranges 
from about 10 to 30 degrees. In a preferred embodiment, the conical surface 
has a surface hardness ranging from about 58 to 62 Rockwell C. In a preferred 
embodiment, the average inside diameter of the second tubular member is 
greater than the average inside diameter of the third tubular member. 
10 An apparatus has also been described that indudes a tubular member, a 
piston adapted to expand the diameter of the tubular member positioned within 
the tubular memberp the piston including a passage for conv^ing fluids out of 
the tubular member. In a prrferred embodiment, the piston indudes a conical 
surface. In a prefored embodiment, the an^e of attack of the conical surface 
15 ranges frtim about 10 to 30 d^;ree8. In a preferred embodiment, the conical 
surface has a surface hardness ranging from about 58 to 62 RockweUC. Ina 
preferred embodiment, the tubular member indudes one or more sealing 
.members coupled to the exterior surface of the tubular member. 

A weUbore casing has also t>een described that indudes a first tubular 
20 member and a second tubular memba coupled to the first tubular member. 
The second tubular member is coupled to the first tubular member by the 
process of: positioning the second tubular member in an overlapping 
relationship to the first tubular member, placing a mandrel within the second 
tubular member, pressurizing an interior region within the second tubular 
25 member, and displadng the mandrel with respect to the second tubular 

member. In a preferred embodiment, the pressurizing is provided at operating 
pressures ranging &x)m about 0 to 9,000 psi. In a preferred embodiment^ the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 
gallona/minute. 

30 An apparatus has also been described that indudes a preexisting 

structure and a tubular member coufded to the preexisting structure. The 
tubular member is coupled to the preexisting structure by the process of: 
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poaitioiiiiig the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
pressurizing an interior region within the tubular meniber, and displacing the 
mandrel with respect to the tubular mmber. In a prefmred embodiment, the 
5 pressurizing is provided at operating pressures ranging from about 0 to 9,000 
psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallonsAninute. 

An apparatus has also been described that includes a preexisting 
structure having a defective portion and a tubular member coupled to the 
10 drfective portion of the preexisting structure. The tubular member is coupled 
to the defective portion of the preexisting structure by the process of: 
positioning the tubular member in an overlapping relationship to the defect in 
the preexisting structure, placing a mandrel within the tubular member, 
pressurizing an interior region within the tubular member, and displacing the 
15 mandrel with respect to the tubular member. In a prefearred embodiment, the 
pressurizing is provided at operating pressures ranging from about 0 to 9,000 
psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 0 to 3,000 gallons/minute. In a preferred embodiment, the 
apparatus further includes sealing the interface between the preexisting 
20 structure and the tubular member at both ends of the tubular member. 

An apparatus also has been described that indudea a first tubular 
member, a second tubular member, and a threaded connection for coupling the 
first tubular monber to the second tubular member. The threaded connection 
includes one or more sealing membm for sealing the interface between the first 
25 and second tubidar members. In apreferred embodimentk the threaded 
connection oonqiriaeB a pin and box threaded connection. In apreferred 
embodiment, tiie sealing members are positioned aiQeoent to an end portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned ac^acent to an end portion of the threaded connection; 
30 and wherein another one of the sealing members is not positioned adjacent to 
an end portion of the threaded connection* In a preferred embodiment, a 
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plurality of the sealing members are positioned adjacent to an end portion of 
the threaded connection. 

An apparatus also has been described Uiat includes a tubular assembly 
having a first tubular member, a second tubular member, and a threaded 
5 connection for coupling the Grst tubular member to the second tubular 
member. The threaded connection includes one or more sealing members for 
sealing the interface between the first and second tubular members. The 
tubular assembly is formed by the process of radially expanding the tubular 
assembly. In a preferred CTibodiment, the threaded connection comivisefl a pin 
10 and box threaded connection* In a prefen^ eiiibodiment» the sealing members 
are positioned aoQacent to an end portion of the threaded connection. In a 
preferred embodiment, one of the sealing members is positioned adjacent to an 
end portion of the threaded connection; and wherein anoth^ one of the sealing 
members ia not positioned acfiacent to an end portion of the threaded 
15 connection. In a preferred embodiment, a plurality of the sealing members are 
positioned ai^acent to an end portion of the threaded connection. 

An apparatus also has been described that indudes a tubular member 
and a mandrel positioned within the tubular member including a conical 
surface have an angle of attack ranging firom about 10 to 30 degrees. In a 
20 preferred embodiment, the tubular member indudes a first tubular member, a 
second tubular member, and a threaded connection for coupling the first 
tubular member to the second tubidar member. The threaded connection 
indudes one or more sealing monbers for sealing the interface between the first 
and second tubular members. In a preferred embodiment, the thp'fldH 
25 connection comprises a pin and box threaded connection. In a preferred 
embodiment, the sealing members are positioned adjacent to an aid portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned adfaont to an end portion of the threaded connection; 
and wherein another one of the sealing members is not positioned a^jacmt to 
30 an end portion ofthe threaded connection. In a preferred embodiment, a 
plurality of the sealing members are positioned acQaoent to an end portion of 
the threaded connection. 
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Althou^ illustrative embodiments of the inventioii have been shown and 
described, a. wide range of modification, changes and substitution is 
contemplated in the foregoing disclosure. In some instances, some features of 
the present invention may be emplcqred witiiout a corresponding use of the 
5 other features. Accordin^y, it is appropriate that the ^p&ided claims be 
construed broad^ and in a manner consistent with the scope of the invention. 
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CLAIMS: 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, compriaing: 

3 installing a tubtilar liner and a mandrel in the borehole; 

4 injecting fltiidic material into the borehole; 

5 pressurizing a portion of an interior r^on of the tubular lino*; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandreL 

1 2. An ^paratus for expanding a tubular member, comprising: 

2 a support member, the support m^nber including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel indujding: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe including a third fluid 

7 passage; 

8 wherein the firsts second and third fluid passagea are operably coupled. 

1 3. A method ofjoining a second tubular menibw to a first tubular meniber, 

2 the first tubular member having an inner diameter greater than an outer 

3 diameter of the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the second tubular 

7 member; and 

8 extruding at least a portion of the second tubular member off of the 

9 mandrel into oigagement with the first tubular member. 

14. A tubular liner, comprising: 

2 an annular member, the annular memb^ including: 
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3 one or more sealing members at an end portion of the annular 

4 member; an jl 

5 one or more pressure rdirf passages at an end portion of the 

6 anmil^ member. 

15. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular hner off of a mandrel; and 

4 an annular bo<^y of a cured fluidic sealing material coupled to the tubular 

5 liner. 

16. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandrel; 

4 and 

5 an annular body of a cured fluidic sealing material coupled to the tubular 

6 liner. 

1 7. An apparatus for eaq)anding a tubular member, coxi^irising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel indudtng: 

4 a second fluid passage oparab|y coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an expandable tubular memba: coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

^ third fluid passage operab^ coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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14 8. A wellhead, comprising: 

15 an outcar casing; and . 

16 a plurality of substantially concentric and overls|3ping inner casings 

17 coupled to the outer casing; 

18 wherein each inner casing is supported by contact pressure between an 
^9 outer surface of the inner casing and an inner sioiace of the outer 
20 casing. 

19. A wellhead, comprising: 

2 an outer casing at least partially positioned within a wellbore; and 

3 a plurality of substantially concentric inner caaings coupled to the 

4 interior surfaEbce of the outer casing by the process of e]qHuiding 

5 one or more of the inner casing? into contact with at least a 

6 portion of the interior surface of the cmter casing. 

1 10. A method of forming a wellhead, comprising: 

2 drilling a wellbore; 

3 positioning an outer casing at least partially within an upper portion of 

4 the wellbore; 

5 positioning a first tubular member within the outer casing; 

6 expanding at least a portion of the first tubular membw into contact 

7 with an interior surface of the outer caaing; 

8 positaoning a second tubular member within the outer casing and the 

9 fitat tubular member; and 

10 expanding at least a portion of the second tubular member into contact 
with an intvior portion of the outer casing. 

11. An ^paratus, comprising: 



an outer tubular member; and 

a plurality of substantially concentric and overlapping inner tubular 
members coupled to the outer tubular memba; 



-284- 

SUBSTITUTE SHEET (RULE 26) 



wo 00/77431 



PCT/ILOO/00245 



5 wherein each inner tubular member is supported by contact pressure 

6 between an out^r. surface of the inner casing and an inner surface 

7 of the outer inner tubular member. 

1 12. An iq>paratu8, comprising: 

2 an outer tubular member; and 

3 a plurality of substantially concentric inner tubular members coupled to 

4 the interior surface of the outer tubular member by the process of 

5 expanding one or more of the inn^ tubular members into contact 

6 with at least a portion of the interior surface of the outer tubular 

7 member. 

1 13. A wellbore casing, comprising: 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular member in an 

4 overlapping reiatioDship; 

5 wherein the inner diameter of the first tubular member is substantially 

6 equal to the inner diameter of the second tubular member. 

1 14. A wellbore casings comprising: 

2 a tubular member iaduding at least one thin waU section and a thick 

3 wall section; and 

4 a conqpraaible Anntilny member coupled to each thin wall section. 

1 15. A method ofcreating a caaing in a borehole located in a subterranean 

2 formation, comprising: 

3 supporting a tubular lioer and a mandrd in the borehole using a support 

4 membCT; 

5 injecting fluidic material into the borehole; 

6 pressurizing an interior region of the mandrel; 

7 displacing a portion of the mandrel relative to the support member; and 

8 radially expanding the tubtilar liner. 
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1 16. A wellbore casing, comprising: 

2 a first tubular member having a first inside diameter, and 

3 a second tubular monber having a second inside diameter substantially 

4 equal to the first ioside diameter coupled to the first iubular 

5 member in an overlapping relationship; 

6 wherein the first and second tubular members are coupled by the process 

7 of deforming a portion of the second tubular member into contact 

8 with a portion of the first tubular member. 

1 17. An apparatus for expanding a tubular member, comprising! 

2 a support member including a fluid passage; 

3 a mandrel movab^y coupled to the support member including an 

4 e^qpansion cone; 

5 at least one pressure duunber defined by and positioned between the 

6 support member and mandrel fluidicly coupled to the first fluid 

7 passage; and 

8 one or more rdeasable supports coupled to the support member adi^ted 

9 to support the tubular member. 

1 18. An apparatus, comprising: 

2 one or more solid tubular memba:^, each solid tubular member including 

3 one or more external seals; 

. 4 one or more slotted tubular members coupled to the solid tubular 

5 members; and 

6 a shoe coupled to one of the slotted tabular members. 



1 19. Amethodof joining a second tubular mraober to a first tubular member, 

2 the first tubular monber having an inner diameter greater than an outer 

3 diameter of the second tubular member, conqjvising: 

4 positioning a mandrd within an interior region of the second tubular 

5 member;* 

6 pressinrizing a portion of the interior region of the mandrel; 
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7 displacing the mandrel relative to the second tubular member; and 

8 extruding at le^Qt a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

1 20. An apparatus, comprising: 

2 one or more primazy solid tubulars, each primary solid tubular including 

3 one or more external awntifiir seals; 

4 n slotted tubulars coupled to the primaiy solid tubulars; 

5 n-1 intermediate solid tubulars coupled to and interleaved among the 

6 slotted tubulars, each intermediate solid tubular including one or 

7 more external anntilar seals; and 

8 a shoe coupled to one of the slotted tubulars. 

1 21. Amethodof isolating a first subterranean zone from a second 

2 subterranean zone in a wellbore, comprising: 

3 positioning one or more primary solid tubulars within the wellbore, the 

4 primary solid tubulars traversing the first subterranean zone; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the second subterranean zone; 

7 fluidi<^ coupling the slotted tubulars and the solid tubulars; and 

8 preventing the passage of fluids from the first subterranean zone to the 

9 second subterranean zone within the wellbore external to the solid 
10 and slotted tubulars. 

1 22. Aniethodofezteacting materials from a producing subterranean zone in 

2 a wellbore» at least a portion of the wellbore including a caaii^^ 

3 positioning one or more ptimttty solid tubulara within the wellbore; 

4 flmdidy coupling the primary solid tubulara with the casing; 

5 positioning one or more slotted tubulara within the weUbore, the slotted 

6 tubulars traversing the producing subterranean zone; 

7 fluididy coupling the slotted tubulars with the solid tubulars; 
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S fluididy isolating the producing subterranean zone from at least one 
9 other s\ibterrai]iean zone within the wellbore; and 

10 fluididy coupling at least one of the slotted tubulars from the produdng 

11 subterranean zone. 

1 23. A method of creating a casing in a borehole while also drilling the 

2 borehole, comprising: 

3 installing a tubular liner, a mandrel, and a drilling assembly in the 

4 borehole; 

5 ipjecting fluidic material within the tubular liner, mandrel and drilling 

6 assembly; 

7 radially expanding at least a portion of the tubular liner; and 

8 drilling the borehole using the drilling assembly. 

1 24. An flf>paratus, comprising: 

2 a support member, the support member induding a Grst fluid passage; 

3 a mandrel coupled to the support membo*, the mandrd induding: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe induding a third fluid 

7 passage; and 

8 a drilling assembly coupled to the shoe; 

9 wherdn the first, second and third fluid passages and the drilling 
10 assembly are opmbly coupled. 

1 25. A method of forming an underground pipdine within an undorgrotmd 

2 tunnd induding at least a first tubular member and a second tubular member, 

3 the first tubular member having an inner diameter greater than an outer 

4 diameter of the second tubular member, comprising: 

5 positioning the first tubular member within the tunnd; . 

6 positioning the second tubular member within the tunnd in an 

7 overlapping rdationship with the first tubular member; 
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8 positionizig a mandrel and a drilling assembly within an interior region of 

9 the second tubular member; 

10 injecting a fluidic material within the mandrel, drilling assembly and the 

11 second tubular m^nber; 

12 extruding at least a portion of the second tubular member off of the 

13 mandrel into engagement with the first tubular member, and 

14 drilling the tunnel. 

1 26. An apparatus, comprising: 

2 a wellbore, the wellbore formed by the process of drilling the wellbore; 

3 and 

4 a tubular liner positioned within the wellbore, the tubular liner formed 

5 by the process of extruding the tubular liner off of a mandrel while 

6 drilling the wellbore. 

1 27. A method of expanding a tubular member, comprising: 

2 placing a mandrel within the tubular member; 

3 pressurizing an annular region within the tubular member; and 

4 displacing the mandrel with respect to the tubidar member. 

1 28. A method ofcoupling a tubular member to preexisting structure, 

2 conqirising: 

3 positioning the tubular member in an overlapping relationship to the 

4 preexisting structure; 

5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 29. A method of repairing a defect in a preexisting structure using a tubular 

2 member, comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 defect in the preexisting structure; 
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5 placing a mandrel within the tubular member; 

6 pressurizing an annular region within the tubular memb^; and 

7 displacing the mandrel with respect to the tubular m^nber. 

1 30. An apparatus for radially expanding a tubular member, comprising: 

2 a first tubular member, 

3 a second tubular member positioned within the first tubular member, 

4 a third tubular member movably coupled to and positioned within the 

5 second tubular member; 

6 a first annular sealing member for sealing an interface between the first 

7 and second tubidar members; 

8 a second annular seating member for sealing an interface between the 

9 second and third tubular members; and 

10 a mandrel positioned within the first tubular member and coupled to an 

11 end of the third tubtdar member. 

1 31. An flqpparatusy comprising: 

2 a tubular member; 

3 a piston adapted to expand the diameter of the tubular member 

4 positioned within the tubular member, the piston including a 

5 passage for conveying fluids out of the tubular member; and 

6 an annular chamber defined by the piston and tubular member. 

1 32. A wdlbwe caainft comprising: 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular member in an ov^apping 

6 relationship to the first tubular member 

7 placing a mandrel within the second tubular member, 

8 pressurizing an annular region within the second tubular member; 

9 and 
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10 displacing the mandrel with respect to the second tubular 

11 member. 

12 33. An apparatus, comprising: 

13 a preexisting structure; and 

14 a tubular member coupled to the preexisting structure by the process of: 

15 positioning the tubular member in an overlapping relationship to 

16 the preexisting structure; 

17 piadng a mandrel within the tabular member, 

18 pressurizing an annular r^on within the tubular memb^ and 

19 displacing the mandrel with respect to the tubular m^nber. 

1 34. An apparatus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubular member in an overlapping relationship to 

6 the defect in the preexisting structure; 

7 piadng a mandrel within the tubidar member; 

8 pressurizing an annular region within the tubular member, and 

9 displacing the mandrel with respect to the tubular member. 

1 35. A method of expanding a tubular member, comprising: 

2 placing a mandrel within the tubular member; 

3 pressurizing a region within the tubular member; and 

4 disfdadng the mandrel with respect to the tubular member. 

1 36. Amethodof coupling a tubulv member to preexisting structure, 

2 comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 preexisting structure; 

5 placing a mandrel within the tubular member; 

-291- 

SUBSTITUTE SHEET (RULE 26) 



wo 00n7431 



PCT/ILOO/00245 



6 pressurizing an intmor region within the tubular m^nber, and 

7 displacing the mandrel with respect to the tubular member. 

1 37. A method of repairing a defect in a preexisting structure using a tubular 

2 member, comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 defect in the preexisting structure; 

5 placing a mandrel within the tubular member; 

6 pressinizing an interior r^on within the tubular member, and 

7 displacing the mandrel with respect to the tubular member. 

1 38. An apparatus for radially expanding a tubular member, comprising: 

2 a first tubular member; 

3 a second tubular member coupled to the first tubular member; 

4 a third tubular member coupled to the second tubular member; and 

5 a mandrel positioned within the second tubular member and coupled to 

6 an end portion of the third tubular member. 

1. 39. An apparatus, comprising: 

2 a tubular member; 

3 a piston adapted to expand the diameter of the tubular member 

4 positioned within the tubular member, the piston including a 

5 passage for converying fluids out of the tubular member. 

1 40. A wellbore casing; comprising: 

2 a first tubular mraiber; and 

3 a second tubular member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular m^nber in an overlapping 

6 relationship to the first tubular member 

7 placing a mandrel within the second tubular member; 
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8 pressurizing an interior region within the second tubular member, 

9 and 

10 displacing the mandrel with respect to the second tubular 

11 member. 

1 41. An apparatus, conQ>rising: 

2 a preexisting structure; and 

3 a tubular member coupled to the preexisting structure by the process of: 

4 positioning the tubular member in an overliq ipingrdationship^ 

5 the preexisting structure; 

6 placing a mandrel within the tubular mraaber; 

7 pressurizing an interior region within the tubular member; and 

8 displacing the mandrel with respect to the tubular member. 

1 42. An apparatus, comprising: 

2 a preexisting structure having a defective portion; and 

3 a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of: 

5 positioning the tubular member in an overlapping relationship to 

6 the defect in the preexisting structure; 

7 placing a mandrel within the tubular member; 

8 pressurizing an interior region within the tubular member; and 

9 displacing the mandrel with respect to the tubular member. 

1 43. An apparatus, comprising: 

2 a first tubular member, 

3 a second tubular member; and 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member, the threaded connection including: 

6 one or more sealing members for sealing the interface between the 

7 • first and second tubular members. 
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1 44. The apparatus of claim 43, wherein the threaded connection comprises a 

2 pin and box threaded connection. . 

1 45. The apparatus of daim 43, wherein the sealing members are* positioned 

2 adjacent to an end portion of Hxe threaded connection. 

1 46. Theapparatuaof daim 43, wherein one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 anotho* one of the sealing members is not positioned adjacent to an end portion 

4 of the threaded connection. 

1 47. The apparatus of daim 43, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 

1 48. An apparatus^ comprising: 



2 a tubular assembly induding: 

3 a Grat tubular member; 

4 asecondtubular member; and 

5 a threaded connection for coupling the first tubular member to the 

6 second tubular member, the threaded connection induding: 

7 one or more sealing members for sealing the interface 

8 between the first and second tubular membm; 

9 wherein the tubular aasembly is formed the prooeaa of radially 
10 expanding the tubular assembly. 



1 49. Theapparatuaofdaim48,vdierein the threaded connection comprises a 

2 pin and box threaded connection. 

1 50. The apparatus of daim 48, wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 
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1 51. The apparatus of claim 48, wherein one of the seahng members is 

2 positioned acyaoent to an end pprtion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned acyacent to an end portion 

4 of the threaded connection. 

1 52. The apparatus of claim 48, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 

1 53. An qiparatus, comprising: 

2 a tubular member; and 

3 a mandrel positioned within the tubular member including a conical 

4 surface have an angle of attack ranging firom about 10 to 30 
6 degrees. 

1 54. The sf>paratua of claim 53, wherein the tubular member includes: 

2 a first tubular member; 

3 a second tubidar member; and 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member, the threaded connection including: 

6 one or more sealing members for sealing the interface between the 

7 first and second tubular members. 

1 55. The apparatus of claim 53, wherein the threaded connection comprises a 

2 pin and box threaded connection. 

1 56. The apparatus ofclaim 53, wherein the sealing members are positioned 

2 adjacent to an ttd portion of the threaded connection. 

1 57. The apparatus of claim 53, wherein one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

». ■ 

3 another one of the sealing members is not positioned acQaoent to an end portion 

4 of the threaded connection. 
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1 58. The apparatus of claim 53, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 
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